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PREFACE TO VOLUME III 


rjlHE present volume continues the theory of series begun in Volume II, 
and then proceeds to the theory of measurement. Geometry we have 
found it necessary to reserve for a separate final volume. 

In the theory of well-ordered series and compact series, we have followed 
Cantor closely, except in dealing with Zermelo’s theorem (*257 — 8), and in 
cases where Cantor’s work tacitly assumes the multiplicative axiom. Thus 
what novelty there is, is in the main negative. In particular, the multi- 
plicative axiom is required in all known proofs of the fundamental proposition 
that the limit of a progression of ordinals of the second class {i,e. applicable 
to series whose fields have No terms) is an ordinal of the second class (cf. *265). 
In consequence of this fact, a very large part of the recognized theory of 
transfinite ordinals must be considered doubtful. 

Part VI, on the theory of ratio and measurement, on the other hand, 
is new, though it is a development of the method initiated in Euclid Book V 
and continued by Burali-Forti* Among other points in our treatment of 
quantity to which we wish to (l«aw attention we may mention the following. 
(1) We regard our quantities as in a generalized sense “ vector§^” and 
therefore we regard ratios as holding between relations, (2) The hypothesis 
that the vectors concerned in any context form a group, which has generally 
been made prominent in such investigations, sinks with us into a very 
subordinate position, being sometimes not verified at all, and at othor times 
a consequence of other more fruitful hypotheses. (3) We have developed 
a theory of ratios and real numbers which is prior to our theory of measure- 
ment, and yet is not purely arithmetical, i.e, does not treat ratios as mere 
couples of integers, but as relations between actual quantities such as two 
distances or two periods of time. (4) In our theory of ‘‘ vector families,” 
which are families of the kind to which some form of measurement is 

* Cf. Peano’s Formulaire, i. (1895), pp. 28—57. 
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applicable, we have been able to develop a very large part of their properties 
before introducing numbers; thus the theory of measurement results from 
the combination of two other theories, one a pure arithmetic of ratios and 
real numbers without reference to vectors, the other a pure theory of vectors 
without reference to ratios or real numbers. (5) With a view to geometrical 
applications, we have devoted a special Section to cyclic families, such as the 
angles about a given point in a given plane. 

The theory of measurement developed in Part VI will be required in the 
next volume for the introduction of coordinates in Geometry. 

We have to thank various friends for their kindness in bringing to our 
notice mistakes and misprints noted in the Errata, both in this and in 
previous volumes. 

A. N. W. 

B. R. 


15 February 1913 
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SECTION D. 


WELL-ORDERED SERIES. 

Summary of Section D. 

A “ well-ordered ” series is one which is such that every existent class 
contained in it has a first term, or, what comes to the same thing, one which 
is such that every class which has successors has a sequent. We will call a 
relation in general well-ordered if every existent class contained in its field 
has one or more minirpa. Then a well-ordered series is a series which is a 
well-ordered relation. 

Well-ordered series have many important properties not possessed by 
series in general. A well-ordered series is Dedekindian, except for the fact 
that it may have no last term ; i,e. every section having a last term is 
Dedekindian. A well-ordered series which is not null has a first term, and 
every term of the series (except the last, if there is one) has an immediate 
successor. A very important property of well-ordered series is that they 
obey an extended form of mathematical induction, which we shall call 
“ transfinite induction,'’ namely the following : If <r is a class such that the 
sequent (if any) of any class contained in cr and in the series is a member of 
<r, then the whole series is contained in <r. (It will be observed that A is 
contained in cr, and therefore, b^^ ^|f206T4, B*P is a member of <r.) This 
differs from ordinary matbematical induction by the fact that, instead of 
dealing with the successors of single terms, it deals with the successors 
of classes. A closely analogous property, which holds for all well-ordered 
relations, whether serial or not, is the following : If o- is a class such that, 

whenever P^x C o*, where x is any member of C^P, x itself belongs to <r, then 
C^P C <r. If P is well-ordered, this property holds for all cr’s ; and conversely, 
if this property holds for all <r's, P is well-ordered. Hence this property 
is equivalent to well-orderedness. 

If P is a well-ordered series, minp selects one term out of each member 
of Clex^C^P. Hence C'P, which is minp^^Cl ex^C^P, is a member of the 
multiplicative class of Clex^C^P ; hence the multiplicative class of Cl ex^C^P 
exists, and therefore the multiplicative class of any class contained in 
Cl ex^C^P exists (by *88*22). It follows that if s^k can be well-ordered, and 
Kt the multiplicative class of k exists ; and that, if every class can be 
R, & w. llh 
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well-ordered, the multiplicative axiom holds. The converse of this latter 
proposition also holds, as has been proved by Zermelo (cf, 9 k258). 

Another important set of properties of well-ordered series results from 
*208*41 ff. Two ordinally similar well-ordered series can only be correlated 
in one way ; and no proper section of a well-ordered series is ordinally 
similar to the whole series. (A proper’* section is a section not the 
whole.) 

From the uniqueness of the correlator of two similar well-ordered series, 
it follows that all the uses of the multiplicative axiom in *164 can be avoided 
if the fields of the relations concerned consist of well-ordered series, l.e. 
taking *164*45, which is the fundamental proposition in this subject, we 
have, without assuming the multiplicative axiom, 

P, Q 6 Rel^ excl . D : g ! P smor Q a RHsmor . ^ . P smor smor Q, 

whenever G^P and C^Q consist of well-ordered series. Hence, under this 
hypothesis, the multiplicative axiom disappears from the hypotheses of all 
the consequences of *164*45. 

Ordinal numbers (*251) are defined as the relation-numbers of well- 
ordered series. (This definition is in accordance with usage: otherwise, there 
would be no special reason against defining ordinal numbers ” as the 
relation- numbers of series in general. The relation-numbers of series will 
be called serial numbers.) Sums of an ordinal number of ordinal numbers 
are ordinal numbers, but products of an ordinal number of ordinal numbers 
are not in general ordinal numbers. The product of an ordinal number of 
serial numbers is a serial number, and the product of an ordinal number (not 
zero) of ordinal numbers other than zero is not zero, i.e. a product of ordinal 
numbers, in which the number of factors is an ordinal number, does not 
vanish unless one of the factors vanishes. (For relations in general, the 
corresponding proposition requires the multiplicative axiom.) If v is an 
ordinal number, and /lc is any serial number, /texpri/ (i.e. /u.*' as it would 
naturally be called) is a serial number; but if /i >• 1, /xexp,.i/ is not an 
ordinal number unless v is finite. 


The theory of sections and segments (*252, *253) is much simplified for 
well-ordered series, owing to the fact that every proper section has a sequent. 
Proper sections are identical with proper segments, and both are identical 

with P^^C^P, The series of sections, is P5P-|*(7^P. The series of 

segments, 9 ‘P, is PJP or P5P-f>C^P according as there is or is not a last 
term of (7^P. The series of sectional relations, P,, is P^jP^P ^ Q^P-1* P ; 
its domain is P^^^P^^C^P, and its field is P^^^P^^C^P \j i^P. If 
xeC^P, P^P^x is never similar to P. 
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The theory of greater and less among well-ordered series and ordinal 
numbers is dealt with in *254 and *255. Cantor has proved, by means of 
segments, that of any two different ordinal numbers one must be the greater. 
This is proved by showing that of any two well-ordered series which are not 
similar, one must be similar to a segment of the other. We define an 
ordinal number a as less than another /S if series P and Q can be found such 
that P is an a and Q is a ^ and P is similar to some relation contained in Q, 
but not to Q. It can be proved that all the ordinals less than Nr^Q belong, 
one each, to the proper segments of Q. Hence to say that the ordinal 
number of P is less than that of Q is equivalent to saying that there is a 
proper segment of Q to which P is similar. 

When two series have the same ordinal, they also have the same cardinal, 
in virtue of *151T8, but the converse does not hold. When the cardinal 
number of one series is greater than that of the other, so is the ordinal 
number. When two classes can be well-ordered, any well-ordering will make 
the one class similar to a part of the other, or the other similar to a part of 
the one, in virtue of the properties of segments of well-ordered series. Hence 
of two diflFerent cardinals each of which is applicable to classes which can be 
well-ordered, one must be the greater — a property which cannot be proved 
concerning cardinals in general. 

In *256 we deal with the series of ordinals in order of magnitude. We 
show that this is a well-ordered series, and that the series of all ordinals of 
a given type has an ordinal number which is greater than any of the ordinals 
of the given type. This constitutes the solution of Burali- Forties paradox 
concerning the greatest ordinal : there is no greatest ordinal in any one 
type, and all the ordinals of a given type are surpassed by ordinals of higher 
types. 

*257, *258 and *259 deal vf^th “ transfinite induction ” and its appli- 
cations, of which the most important is Zermelo’s theorem, namely, 

*258*34. h 1,D : S € e^^Cl . = . 

(gP) . P € ft . C^P — fi. 8 — minp [ Cl ex ^ 

where ft is the class of well-ordered series. This proposition leads to the 
following : 

*258*36. h : /A € (7^*ft w 1 . = . a ! €a‘C 1 exV 

l.e, a class can be well-ordered or is a unit class when, and only when, a 
selection can be made from its existent sub-classes. Hence we arrive at 
*258*37. h : Mult ax . = . C^'ft u 1 = Cls 

I,e. the multiplicative axiom is equivalent to the assumption that every class 
can be well-ordered or consists of a single member. 

The proof of Zermelo’s theorem uses an extension to transfinite induction 
of the ideas of *90 and *91, which is explained in *267. 
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Summary of *250. 

A relation is called well-ordered ” when every existent sub-class of its 
field has one or more minima. A well-ordered series is defined as a well- 
ordered relation which is a series. We shall denote the class of well-ordered 
relations by Bord/' which is an abbreviation for “ bene ordinata or bien 
ordonn4e.** The class of well-ordered series will be denoted by ft. Thus 
our definitions are 

Bord * jP (Cl ex'O^P C Q^minp) Df, 
ft == Ser n Bord Df. 

Well-ordered relations other than series will be seldom referred to after the 
present number. 

By applying the definition of ‘‘ Bord '' to unit classes, it appears that a 
well-ordered relation must be contained in diversity (*250T04‘). A well- 
ordered relation is one whose existent upper sections all have minima 
(*250102). Hence by *21117, 

*250103. f“ : P € Bord . = . Ppo e Bord 
Hence by *250 104, 

*260106. hiPeBord.D.PpoCP 

By considering couples, it can be shown (*250 111) that a well-ordered 
relation in which no class has more than one minimum is connected ; hence 
by *204*16 and *250*106, it is a series. Thus we have 

*260126. h : P € ft . = . E !! minp^^Cl ex^C^P, 

/.e. a well-ordered series is a relation such that every existent sub-class 
of the field has a unique minimum. This might have been taken as the 
definition of ft. 

By the definition of ft we have 

*260121. l“:.P€ft. = :P€Ser:aCO‘P.a!a.D.. E! minj>‘a: 

= iPe Ser : g I a « C‘P . D, . E ! minp'a 
Applying this to C*P we have 
♦26013. l-rPeft-i'A.D.Elfi^P 
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We have also 

*260141. h-.Pen.D.Ppacft 

*26017. 1- P, Q € ft - . D : P smor Q . = . P ^ G^Psinor Q ^ Q^Q 

This proposition justifies the subtraction of 1 from the beginning, and is 
useful in the theory of segments of well-ordered series. 

We have next (*250*2 — *243) an important set of propositions on P, when 
P e ft. The most useful of these is 
*260*21. h : P € ft . 3 . D'P = D^P^ 

Le, in a well-ordered series every term except the last (if any) has an 
immediate successor. (It is not in general the case that every term except 
the first has an immediate predecessor.) Another useful proposition is 

*260*242. h:P€ft.D.P = PiC;P,|P 

The next set of propositions (*250*3 — *362) is concerned with “trans- 
finite induction.” We have 

*250*33. h . ft = connex a P {a C 0‘P a o* . 3* . seqp^a C <r : 3„ . G^P C a] 

7.6. a well-ordered series is a connected relation P such that the whole field 
of P is contained in every class a- which is such that the sequent (if any) of 
every sub- class of C^P a o* is a member of a. 

*250*36. h.Bord=:P{a?€(7'P.P^^C<r.3*.^e(7:3^.C'PCa*} 

I.e. a well-ordered relation is a relation P whose field is contained in every 
class <r which contains every member of C^P whose predecessors are all 
contained in <r. We may say that a property is ** transfinitely hereditary” 
in P if it belongs to the sequents of all classes composed of members of C^P 
which possess the property. In virtue of *250*33, if P is well-ordered> 
every transfinitely hereditary property belongs to every member of G^P, and 
conversely. 

Our next set of propositions (*250*4 — *44) is concerned with A and 
couples. We prove that A e ft (*250*4) and that .w eil 

(*250*41). 

*250*5 — *54 are concerned with selections. We have 
*260*6. h : P € ft . 3 . 

minp 1^ Cl ex^G^P e €a*C1 ex^G^P . c^G^P = Prod'Cl ex^G^P 

whence 

*260*61. h : a e C^^ft . 3 . g ! 6 a‘C 1 ex^a 

Observe that G^‘£l is the class of those classes that can be well-ordered. 
From *250*51 we deduce 

*260*64. h : G^^il w 1 = Cls . 3 . Mult ax 

The converse, which is Zermelo's theorem, is proved in *258. 
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9|i 250'6 — ’67 are concerned with consequences of *208. We show that 
two well-ordered series cannot have more than one correlator (*250*6) ; that 
if P is a well-ordered series, and /9 is contained in a proper section of P, 
PpyS is not similar to P (*250*65); and that if P is any well-ordered 
relation, and a is any class such that there are terms in C^P which are later 
than any member of a n C^P, then P is not similar to P ^ a (*250*67). 


*260*01. Bord = P (Cl ex'C'P C Q^minp) Df 

*250*02. ft = Ser a Bord Df 

*260*1. h : P 6 Bord . = . Cl ex^C^P C Q^minp [(*250*01)] 

*250*101. h P € Bord . = : g ! a a C^P . Da . g ! minp^a [*250*1 . *205*15] 

*250*102. h : P 6 Bord . = . sect^P — i^A C Q^miop 
Dem. 


h . *250*1 . D h : Pe Bord . D . sect^P— C Q^minp (1) 

h . *205*19 . D h . min (Ppo)^a = min (P^yP^^^a 

[*205*68] = minp^P^^^a (2) 

h . *90*331 . *211*13 . D h : g ! a A (7'P . D . P^^'a e sect'P - i^A (3) 
h . (3) . D h sect^P — l‘A C Q^minp . D : g ! a a C^P . Da . g ! minp^(P^^^a) . 
[(2)] D. . a ! (-Ppo)'** • 

[*205'26] D, . a ! mirip'a ; 

[*250-101] DrPeBord (4) 

h.(l).(4).DI-.Prop 

*260-103. hiPe Bord Bord [*2.50 102 . *211 17] 

*260-104. h.BordCRPJ 

Dem. 


h . *2501 . D h : P 6 Bord . a; e C‘P . D . a: e minp't'a; . 

[*205-194] D . ~ {xPx ) : D h . Prop 

*260-106. l-:PeBord.D.Ppo<i J [*250-103104] 

*260 11. I- :: P € connex . D P e Bord . = : a ! « (7‘P . D. . E I minp'o : 

s ; o C (7‘P . a ! « . 3. . E ! min^'a 

[*250-1-101 .*205-32] 

*260111. h P e Bord . D : P e connex . = . min/, e 1 — > Cls 
Dem. 

h. *250-1 . *71-1. D 


h :: P 6 Bord . minp e 1 -» Cls . 3 :. .r, y e C*P . 3 : (t‘a: w t‘y) - P‘\i‘x w t‘y) e 1 ; 
[*54-4] 3 : t‘a; w i‘y — P“(i‘x w i‘y) = i*x .v , 

i‘x w i‘y — P‘*(c‘x w t'y) = l‘y (1) 
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h . (1) . 3 h P e Bord . minp e 1 — » Cls .x,ye G‘P . a; 4= y • 3 : 

y € P^\i^x \J Py ) . V . a? € \j i^y) : 

[#2o0104] OixPy.v»yPx (2) 

h . (2) . *202103 . D h : P € Bord . minp € 1 — > Cls . 3 . P € connex (3) 

h . (3) . *205-31 . 3 h . Prop ‘ 

*250112. h : P 6 connex a Bord . = . E !! minp“CI ex^C^P 
Dem. 

h. *250-1 111 .3 

h : P 6 connex a Bord . = . minp e 1 —> Cls . Cl ex^C^P C Q^miop . 
[*71*16] = . E !! minp^^Q^minp . Cl ex^C^P C Q^minp . 

[*20515-16] = . E !! min/^Cl ex‘C^P : 3 h . Prop 


* 260113 . h . connex a Bord = Cl 
Dem. 

h . *204*1 . (*250 02) . 3 h . fl C connex a Bord (1) 

h . *250*105 . 3 h : Pe connex a Bord . 3 . Pe connex . P^ dJ , 
[*204-16] 3.P6Ser (2) 

h . (2) . (*250*02) . 3 h : P 6 connex a Bord . 3 . P 6 H (3) 

h.(l).(3).3h .Prop 

* 260 * 12 . H : P € fl . = . P 6 Ser A Bord [(*250*02)] 


*250*121. h P 6 ft . = : P 6 Ser : a. C G^P - g ! a . 3* . E ! minp^a : 

“ : P € Ser : g ! a a C^P . 3a - E ! minp^a [*250*1211] 


*260*122. h P 6 ft . - : P € Ser : g ! a‘P A p^P^\a a G^P) . 3. . E ! seq/a 

• • 

Dem. • 

h. *206*13. *250-121 .3 

h :. P € ft . 3 : P e Ser : g ! G^P a p^P^‘{(x a G^P) . 3a . E ! seqp'a (1) 
h. *204*62. 3 

h : P 6 Ser . g ! a a G^P - 3 . g ! G^P r\ p^P‘‘p^P“(a a G^P) . 

[*40-62] 3 . g ! C^P a;)^P^^{C‘P Ap^^^‘(aA(7^P)} (2) 

h . (2) . *10-1 . 3 


h P € Ser : g ! G^P r\p^P^\a a G^P) . 3a . E ! seqp^a : 3 : 

g ! a A G^P . 3a . E ! seqp^{(7^P a p^P^\a a G^P)] . 
[*206*131*54] 3a - E ! minp^a : 

[*250121] 3 :P6 ft (3) 

h.(l).(3).3h.Prop 
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♦260*123. h P € n — A . = : P e Ser : g ! p^P^*(a n C^P) . Da • E ! seqp'a 
Dem. 

h. *250122.3 

h PeSer : g \p^P^\(x a (7^P) . Da . E ! seq^'a : D . Pc H (1) 

h . *40*6 . *24*52 . D 

h a ! p^P*\a a C‘P) . Da . E ! seqp^a : D . E I seq^^A . 

[*20618] 3 . a ! P (2) 

h. *250*122. *40*62. D 

Hr.PcH.DrPe Ser a n C*P . g lp‘P**(oL a O^P) . D. • E ! seqp^a (3) 
h . *20614 . D h : fit A C^P = A . D . s'^p^a = ?P 

[*205*12] =^imn/G^P (4) 

h . *33*24 . *250*121 .DhrPeH-c^A.D.E! minp^C'P (5) 

h . (4) . (5) . D h : Pc n - t‘A . a A C‘P=: A . D . E ! seqp‘o (6) 

h.(3).(6).D ^ 

h :. P 6 Xl — t^A . D : P 6 Ser : g lp^P^‘(a a (7‘P) . D. • E ! seqp‘a (7) 

h.(l).(2).(7).Df-.Prop 

*250*124. h : P € n . = . P € Ser . sect^P — i*C*P C Q^seqp 
Dem. 

h . *250 122 . *211 703 . D h : P c H . D . P eSer . sect^P - PC^P C Q'seqp (1) 

h . *211*7 . D h :. P cSer . sect^P — t^C^P C Q^seqp . D : 

. y8 e sect^P — t*A . D^ . E ! seqp‘(C^P -* )9) . 
[*211*723] D^ . E ! minp^/S : ' 

[*250*102*12] DrPcH (2) 

h.(l).(2).DI-.Prop 

*260*126. h ; P € n . = . E !! rainp^^Cl ex^O^P [*250*112 113] 

The above proposition might be demonstrated, independently of 
*250*112*113, as follows: 

(a) If E !! minp^^Cl ex‘(7‘P, it follows that x e G^P . D . E ! minp^c‘ir, 
whence x e G^P . D . (xPx), whence P dJ. 

(b) If E !! minp“Cl ex^G^P, it follows that 

x,y€ G^P .x^ y ,0 .Kl min p*{i^x \j Py), 
whence it follows that 

xPy . (yPx) . V . yPx . oo (xPy). 

Hence P e connex , P^ dJ. 

(c) If E !! minp^^Cl ex^G^P, it follows that 

xPy . yPz . D . E ! minp*(l‘^ u i^y u t^z), 
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whence xPy . yPz . D . 

and by P^QJ (which has just been proved) 

xPy . yPz . D • a? 

Hence, since, by (b\ P econnex, we must have 

xPy . yPz . D . xPz, i.e, P e trans. 
Hence E !! minp^'Cl ex^C^P . D . P e Ser. 

Hence the above proposition is obvious. 


9|e250‘126. h : P € n . E ! maxp‘a . ~ E ! seqp^a . D . B^P e a . B^P = maxp^a 
Dem. 

h . *250* 123 . Transp . D h : Hp . D . ~ g ! p^P^\a a C^P) . 

[*205 65] D . a ! P^maxp^a . 

[*33*4] 

[*93-103] 

[*202 52] D . maxp^a = B^P : D h . Prop 


D . maxp'a e D^P - 
D . maxp^ae B^P . 


*260 13. h : P € n - . D . E ! P^P 

Dem, 

h . *33-24 .DbiHp.D.^lC^P. 

[*250-121] D . E ! minp^C'P . 

[*205-12] D . E ! B^P : D h . Prop 


*260131. h:.P€n.D:a!P. = .E!P^P 

Dew. 

h . *93-102 . *33-24 . D h : E ! B^P . D . g ! P (1) 

h.(l). *250-13. mh. Prop 

*260-14. h : P € Bord . D . RPP C Bord 
Dem. 

h . *250-1 . *205-26 . D 

h : P e Bord . Q G P . D . Cl ex^C^P C Q^minp . minp [ Cl ex*C‘Q G miog . (1) 

[*60*42.*35-64] D . Cl ex^C^Q C Cl ex^C^P . Q^minp o Cl ex^C^Q C Q Wn^ (2) 
h . (1) . (2) . *22 44-621 . D h : P e Bord . Q G P . D . Cl ex^C^Q C a^min^ . 
[*250-1] D . Q € Bord : D h . Prop 

*260-141. hiPen.D.P^aen [*25014 . *204*4] 

*260*142. h : P € Bord . 3 . RPP n connex C fl 
Dem. 

V . *250*14 . 3 h : Hp . 3 . RPP n connex C Bord a connex 
[*250*113] Cn:3h.Prop 

2 
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*26016. htPeil.ElB^P.O.PeDed 
Dem. 

h . *250’101 . D h Hp . D : g ! a a (7‘P . D, . g ! minp'a (1) 

h.*206‘14. D h Hp . D : an (?‘P = A . D. .g ! precf'a (2) 
h . (1) . (2) . D h : Hp . D . (a) . g ! (minp'a w precp^a) . 

[11^214*1] D.PcDed. 

[*214*14] D . P € Ded : D h . Prop 


*260*161. h:P6ft.ir£a'P.D.PtP*‘^6Ded 
Dem. 

h . *250*141 . D h : Hp . D . P^ P^^areQ (1) 

h . *205*41 . D I" : Hp . D . P‘Cnv^(P ^ P^^x) = maxp‘P,|^‘a? 
[*205*197] = . 

[*53-3] D . E ! 5^Cnv^(P ^ (2) 

h. (1). (2). *250*15. Dh. Prop 

*250*162. h . n C semi Ded [*214*7 . *250*124] 

*250*16. h : P € fl . g ! a A C^P . D . P^minp^a == p^P^^(a o C*P) 

[*205*65 . *250*121] 


*250*17. h P,Q € n - i*A . D : P smor Q . = . P ^ Q‘P smor Q ^ Q‘Q 
[*204-47 .*250-13] 

This proposition is useful in connection with the series of segmental 
relations in a well-ordered series, for the series t'f proper segmental relations 
in a well-ordered series is (as will be proved later) ' 

pp^p^ppa^p, 

and this is ordinally similar to P P Q‘P. Hence, by the above proposition, 
two well-ordered series which are not null are ordinally similar when, and 
only when, the series of their segmental relations are ordinally similar. 


*260-2. h : P € Bord . D . D^P = D^(P^P*) 

Dem, 

l’.*33-4. Dh:a7eD‘P. = .g!P*^ (1) 

h . *250-1 . *205*16 . 3 h :. P € Bord . D : g ! P^x . = . g ! mwp^P^x . 
[*205*251] =.x€D^(PjlP^) (2) 

h .(1). (2). 3 h . Prop 
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*260-21. h : P e n . D . D‘P = D^P, [*201*63 . *260*2] 

In virtue of this proposition, every term of a well-ordered series (except 
the last, if any) has an immediate successor. 

*260*22. h : P € Ser n Ded . D*P = D^P, . D . P € H - t‘A 
Dem, 

h . *214*101 . 3 h : Hp . E ! maxp^a . D . E ! seqp^a 
h . *206*45 . 3 h : Hp . maxp^a € D^P . 3 . E ! seqp^maxp'a . 

[^206*46] 3.E!seq/a (2) 

h . (1) . (2) . 31-:. Hp . 3 : ~ (maxp^a = B^P) . 3« • E ! seqp^a : 
[*93*118] 3 (B*P 6 a) . Da ■ E ! seqp‘a : 

[*202-611.#214-5] D : a ! j9‘P“(o a C‘P) . D. . E ! seq^'a : 

[*250123] D:P€ft-i‘A:. DH.Prop 

*260-23. h : P e n . E ! . P € Ser A Ded . D‘P = D‘P, 

Dem. 

I- . *250-22 .*214-5 . D t- ; P e Ser a Ded . D‘P = D‘P, . D . P € ft . E ! fi‘P (1) 
I- . *250-15-21 . DhtPeft.ElP'P.D.PeSer ADed.D‘P = D‘P, (2) 
I- . (1) . (2) . D I- . Prop 


*250-24. l-:P€ft.D.P»|P, = PpD‘P 
Dem. 

h . *201-1 . *13-12 . D h Hp . xP'z . D : yPx . D . yP'z ; y =» x . D . yP^z : 
[Transp] D :~(yP>*) . D . ~(yPx) . ^4=® • 

[*201-63.*202-103] , • D:yP,^.D.xPy (1) 

h .(1). *201-63 . D h : Hp . xP®z . irP,y . D .xPy . x,y fD'P (2) 

I- . *250-21 . D h : Hp .x,ye D‘P . xPy . D . (a^^) • yPi^ • 


[*201-63] D . (a-z) . yPz . zP^y . 

[*34-1] D.x(P*lP,)y (3) 

l-.(2).(3).Dh.Prop 


*260-241. h : P e ft . D . Pi I P* » (Q'P,) 1 P [Proof as in *250 24] 

*260-242. h!Peft.D.P = P,«»P,lP 
Dem. 

!■ . *201 63 . D h :: Hp . D xPy . = : xP,y . v . xP*y : 

[*250-21] = : xP,y . v . (a«) • xP^z . xP'y : 

[*250-241] = : xP,y . v . (a*) • xPi« • ePy :: D I- . Prop 
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[PART 


*260-243. hrPeft.D. 

[Proof as in *250 242] 

The following propositions deal with the extended form of mathematic; 
induction which is characteristic of well-ordered series. 

*260-3. h P e Bord : a C C^P a . ^qj>^a C <t : D . C^P C o* 

Dem, 

h . *250-101 . D I- : P € Bord . g ! C'P ~ . 3 . g ! rmnp‘{G^P - a) . 
[*205*14] D . (g^r) . a: € C*P — <r . P^x C a 

[*206*4.*250T04] D • (go?) . x e G^P — a . P^x Ca .x seqp (P^x) . 

— * — * 

[*13*195] 3 . (ga?, a) . a = P^x . a C G‘P na , xe seqp^a — a . 

[*10-24] 3 . (ga) . a C C^P a o- . g ! seqp^a — <r (1) 

h . (1) . Trarisp . 3 h . Prop 

— * ^ ♦ 

«260 301. h : P e connex . ~ g ! minp'r . a- = C‘P — P“t. a C<r ,0 . seqp'o C 
Dem. 

1- . *205122 . *202 o01 . D h : Hp . D . ^ C jp‘P“t . 

[*40-67] D . T C (1) 

I- . *206-134 . D I- : Hp . jrseqp a • D . P‘xC — p*P“a 
[*40-16] C-p‘P“o- 

[(!)] C-T. 

[*37-462] D.a;~€P“T. 

[*206-18.Hp] D . a; e (7 : D h . Prop 

*26031. h::P € connex:. a C G^P n o*.3a-seqp‘^ C o-:3a - G^P C o* 3 . P e 
Dem. \ 

h . *250-301 . 3 

h P e connex . g ! G^P a r . g ! minpV . a = G^P — P^^r . 3 : 

a C . 3« . seqp^a C cr : g ! G^P — a 
t-.(l).*10-28.3 


h . (2) . Transp . 3 

h :: P € connex a C <r . 3a - seqp‘a C<r : . G*. 

— ► 

a ! C‘P A T . D, . a I minp'r : 
[*250-101] D : P e Bord 
I-. (3). *250-113. Dh.Prop 



• ( 1 ) 

— <7 

.3 : 

( 2 ) 


( 3 ) 
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«260'32. I- P 6 connex . D :: P e Bord . = 

a C G‘P A <r . D, . seqp'a C o- : D, . 0*P C a [*250’3‘31] 

»260'33. h . n = connex a P (a C C*P a <r . D, . 8eqj>‘o C <r ; D, . O'PC a-] 
[*250-32113] 

«260'34. I" Pe Bord : x e (7‘P . P^x C cr . . a; e o- : D . G‘P C <t 

Bern. 

h . #25011 . D h : P 6 Bord . a ! C‘P - 0 - . 3 . a ! ndnp‘(<?‘P - O’) . 

[#20514] D . (aa;) .xe G‘P -<t .'P‘xCa (1 ) 

I- . (1) . Transp . D h . Prop 

#250-341 . I- : ; a; « (7‘P . P‘a; C <r . D* . a; € (7 ; D, . (7‘P C <r : . D . P e Boi-d 
Bern. 

I-. #205-122. #37-462. D 

h ; a ! C‘P A T . ~ a ! minp'T . <7 = C‘P - P«T . ,r e C^P . P‘a! C <r . D . 
a:~ e P“t . a ! 0‘P — <7 . 

[Hp] D .a;e(7 . a ! C^‘P — <7 (1) 

I- . (1) . #10-28 . D h :. (ar) . a ! G‘P a t . ~ a * niinj.‘T . D : 

(a<7) : X e G‘P . P‘x C o- . . a; e <7 ; a ! G‘P — <r (2) 

h . (2) . Transp . D h ;. Hp . D : a ! G‘P a t . D, . a ! minp'r : 

[#250-101] D : P € Bord : . D h . Prop 

#260-35. h . Bord = P {a; e O'P . P‘a: C < 7 . D* . a: e <7 : D, . (7‘P C o-} 
[#250-34-341] , 

#260-36. I- :.Pen:X,C<7.a!X.AC‘P.D^.seqj.‘\C<7:D.P“<7C<7 

Bern. 

h . #250-121 . D H : P e H . a ! P“<t — < 7 . D . E ! minp‘(P “<7 — < 7 ) (1) 

I- . #20514 . #37-46 . D 

I- : a; = minp‘(P“<7 - < 7 ) . D . a I «- a P‘x . P‘x a (P“<7 - < 7 ) = A • 

[#24-311] D.a Io-oP‘a:.P‘a;-<7C-P“<7 (2) 

I- . (2) . #202-501 . D 

I- ; P 6 Ser . x = minp‘(P“<7 - < 7 ) . D . a ! o' o P'a; . "p^x — <7 Cp‘^*‘(ir a C'P) . 
[*40-16] 3 . a ! 0 P'a: . P‘a? - «7 C p‘P“(<7 a "p^x) . 

[*40-61] 3 . P'a: - <7 C P“((7 a P‘a:) (3) 

I- . (3) . 3 h ! Hp (3) . 3 . P‘a; C (o- A P'a:) w P«(«7 a P‘«) . 
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[*206'17l] 3 . iT » 8eqp‘(<r rt P‘x) . 

[(2)] D . a ! (T n P^x . cr a P*x C <r . {8eqp^(<r a P^x) C crj . 

[*10*24] D . (a\) . \ C (T . a J (seqp^ C a) (4) 

h • (4) • Transp . D h : Hp . D . ^ E ! minp^(P*V - <r) . 

[(l).Transp] D . P^or — <r = A : 3 h . Prop 


*250*361. 1“ P € n . P/V C<r:\C<r.aK^^ C^P) . 3 a • limaxp‘\ C a- : 3 . 

h^aCa 

D&tyi. 

“* *— 

h . *206*46*43 .31": Hp . X C <r . E ! raaxp^X . 3 . seqp^X = P/max p‘X . 

— * 

[Hp] 3 . seqp^X C a (1) 

— ► -* 

h . *207*4 . 3 h : Hp . X C <r . a J G*P) - E ! max p^X . 3 . seqp'X = liraaxp^X . 

[Hp] D.seqp‘XC<r (2) 

h . (1) . (2) . 3 h Hp . 3 : X C <r . g ! (X a (7‘P) . 3a . seqp'X C a ; 

[*250-36] 3 : P'V C o- 3 H . Prop 


— T 

*260-362. I" P e n . Pi 'a C<r:XC<r.g!XA C‘P . 3a . liminp'X C <7 : 3 . 

P“<7Co- 

*250-361 p . *1 21-26 j 

*260-4. h . A e fl 

Dem. 

h . *60*33 . 3 h . Cl ex^C‘A C Q^min (A) (1) 

>■ . (1 ) . *2.-.0-l . 3 h . A e B.>rd ' (2) 

I- . (2) . *204-24 . 3 h . Prop 


*250*41. h : a; 4= .V • 3 • i ^ € H 

Dem, 

h . *60*39 , 3 h . Cl ^ — yj i^i^y u i\i^x w i^y) (1) 

h.*20.)*18. 3 h : Hp . P = iP ^ 2/ . 3 . rninp^fc^a; = .r . minp^t^y = 2/ (2) 

h . *205*181 . 3 h : Hp(2) , 3 . m\xip\i^x u i^y)=^x (3) 

h . (1) . (2) , (3) , 3 h ; Hp (2) . 3 . Cl ex^C^(j; iy)C Q^miiip . 

[*2501] 3.a;4yeBord (4) 

h , (4) . *204*25 . 3 h . Prop 
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*260-42. I- : P 6 ft - i‘A . D . E ! 2p . 2p=P,‘P‘P. P‘2p=i‘B‘P . P t P'2p=k 
Dem. 

h.*12113.Df-:a:=2i.. = .a!= A‘P‘P (1) 

I- . *250-13 . D h ; Hp . D . E ! P‘P . 

[*250-21.*204-7] D.E!Pi‘P‘P (2) 

h . (1) .(2) . 3 h : Hp . D . E I 2p . 2p = P,‘P‘P (3) 

[*204-71] 0.'P‘2p==i‘B‘P (4) 

[*200-35] D.P^P‘2p = A (5) 

h . (3) . (4) . (5) . D I- . Prop 

*260-43. l-.0, = ftAa“0 
Dem. 

h . *56104 .Dh:jPe0,. = .P = A. 

[*250-4.*33-241] = . P e H . = A . 

[*71*37.*54‘1] = . P € n n : D h . Prop 

*260*44. h.2, = nAC'^2 

Dem. 

h . *5611 . D h :• P € 2,. . = : (g^, y) . co^y . P ^ x i 
[*250*41] = : P € ft : (g^r, y) ,x^y ,P ^y \ 

[*56*11*38] = : Pe ft o C^^2 .PnP=^ A: 

[*204*14] = : P 6 ft A D h . Prop 

*260*6. h : P € ft . D . minp [ Cl ex^C^P € ex^C^P . 

i^C^P = Prod^Cl ex^O^P [*205 33 . *250*1 . *115*17] 
This proposition is of great ftnportance, since it gives the existence- 
theorem for selections from any class of existent classes whose sum can be 
well-ordered (cf. *250*53, below). Observe that “ a e C^^ft ” means ‘‘ a is a 
class which can be well-ordered.*' 

*260*61. h ; a e C^'ft . D . g ! e^^Cl ex*a [*250*5] 

*260-62. h : a € C^'ft . yS C a . D . g ! ex^/9 [*88*22*2 . *250*51] 

*250*53. H : s^k e C^^ft . A ^ e /c . D - g ! 

Dem. 

h . *60*23’57 . D h : Hp . D • /c C Cl ex^s^fc . 

[*88*22.*250*51] D g ! Oh. Prop 
*260-64. h : C'^ft u 1 = Cls . D . Mult ax 
Dem. 


h , *250*53 . *83*4 • D h Hp .D:A*^€/t.D*.g! V : 
[*88*37] D : Mult ax :0 h . Prop 
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The above proposition states that if every class which is not a unit class 
is the field of some well-ordered series, then the multiplicative axiom holds. 
The converse of this proposition has been proved by Zermelo (cf. *258*47). 

*250*6. h : P, Q € ft . P smor Q . D . P smbr Qel [*208*41 . *250121] 

This proposition is very useful, since it enables us, when two similar 
series of similar well-ordered series are given, to pick out the correlators of 
all the pairs without assuming the multiplicative axiom. I.e. given 
P, Q e ReP excl . SeP smor Q. SC smor, if NeC^Q, the correlator of S^N 

and N will be smor N if Ne il. This enables us to dispense 

with the multiplicative axiom in the hypotheses of *164*44 and its con- 
sequences, whenever the relations concerned have fields whose members are 
well-ordered series. 

*250*61. f" : P € ft . D . P ^lior P = l%I C^P) [*208*42] 

*250*62. h : P € Bord . S e cror^P . D . ^ . (S^x) Px [*208*43] 

*250 63. h : P € ft n Cnv^^ft . 3 . Rl^P n Nr'P = i^P [*208*45] 

This proposition will be useful in showing that a finite series is not 
similar to any proper part of itself, and is a series which is well-ordered and 
has a converse which is also well-ordered. 


*250*64. h ; P € Bord . S e croPP . D . O^P n p^P^^D^S = A [*208*46] 

In virtue of this proposition, a part of a well-ordered series can only be 
similar to the whole if the part extends to the end of the series. Thus e,ff, 
no proper section of a well-ordered series can be similar to the whole. 

*250*65. h : P € ft . a € sect^P - i^G^P . ^ C a . 3 . ~ {P smor P[j3} 

Pern. 


h . *40*16 . 3 h : Hp . 3 . p^P^^C\P ^ a) C p^P^^G\P ^ /3) ^(1) 

h . *211*133 .31-:Hp.a->€l.3.a = G\P ^ a) . 

[*21 1*703] 3 . 3 ! p^1p^^G\P ^ a) . 

[(!)] D.a!l>^P^^C^(PD^) (2) 

h . (2) . *40*6*62 •3h:Hp.a<^€l.a!P-3.a!(7^Pn p^V^^G‘(P ^ /3) . 
[*208*47] D ,t^{P smor (P I /3)} (3) 

h . *211*1 . *24*13 . 3 h : P = A . 3 . sect^P - l^G^P = A (4) 

h . (4) . Transp . 3 h : Hp . 3 . 3 ! P ( 5 ) 


h . *200*35 . *250*104 .31-: Hp .3!P.a€l.3.'^{P smor (P ^ /8)} (6) 
h . (3) . (5) . (6) . 3 h . Prop 


*250*651. h : P € ft . 3 . Nr^P o P p‘^(sect‘P - i*G^P) = A [*250*65] 
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#260-662. V:Pe Bord . <) G P . g ! (7‘P a p‘P“G‘Q .D.r^(P smor Q) 
[#208-47] 

*260 663. h : P € Bord . g ! C‘P n p‘P“(a a G‘P) . D . ~ (P smor P I a) 

Deni. 

h . #37-41 . D f- . (7‘(P p o) C a A (7‘P . 

[#40-16] D h . 23‘P“(a a G‘P) C p‘P“G‘(P pa) (1) 

h . (1) . D h : Hp . D . g ! P‘P A p^“G‘(P p a) . 

[#260-652] D . ~ {P smor (P p a)j : D h . Prop 


#26066. h : Pefl . o esect'P.Psmoi- (P P a)."^ . ol=G‘P [*2.50-6.5 . Transp] 


#260 67. H ; P e H . a: e G‘P . D . ~ (P smor (P p P‘x)] 

Dem. 

h . #211-302 . D I- : Hp . D . P‘x e sect'P 
h. #200-52. Dh:Hp.D.P‘a:+C‘P 
h . (1) . (2) . #250 65 . D h . Prop 

#260-7. h:.Pen. = :xeG‘P.X. P p P^'ajefl ; PeSer 
Dem. 

f-.#250-141, D (-:.Pell.D:a;€0‘P.D,.Pp^‘a:en 
h. #250-121 . D 


( 1 ) 

( 2 ) 


( 1 ) 


Vi.xeC^P .O^.PlP^^xeai-ixeG^P 

E ! min (P ^ P^^xya : 

[*202*55] D : a; € Q^P o a . » • E ! min (P ^ : 

[*205*27] «, • E ! minp^a : 

[*10*23] D : a ! Q^P o a . Da - E ! minp^a (2) 

h . *205*18 . *202*52 . D h : P € Ser - a = B^P . D . E ! ininp^a (3) 

h.(2).(3). Dh r.^eC^P. D^.PpP^^^reHrPeSer: D : 

a ! a n G^P . Da . E ! minp^a ; 

[*250*121] D;P€a (4) 

h . (1) . (4) . D h • Prop 


This proposition is used in proving that the series of ordinals in order of 
magnitude is well-ordered (*25G*3). We prove first that if Pell, the 
ordinals up to and including Nr^P are well-ordered; thence, by the above 
proposition, it follows that the whole series of ordinals is well-ordered. 


R. & W. III. 



^1^261. ORDINAL NUMBERS. 


Summary of ^261. 

The name “ordinal numbers'' is commonly confined to the relation- 
numbers of well-ordered series, and will be so confined in what follows. The 
relation-numbers of series in general are commonly called “order-types*.” 
Thus a is an order- type if a e Nr^^Ser, and a is an ordinal number if a e Nr^^fl. 
In the present number we shall be concerned with a few of the simpler 
properties of ordinal numbers and of the sums, products, and powers of well- 
ordered series. 

We put NO = Nr^^fl Df, 

where “NO” stands for “ordinal number.” 

We prove in this number that any relation similar to a well-ordered 
relation is well-ordered (^1^251 ’ll), and therefore any relation similar to a 
well-ordered series is a well-ordered series (^251111). We prove 

*261*132142. h :a€NO. = .a+i €N0.= , i-i- aeNO 

*2611516. I-.0„2,€NO 

*261-24. t-:a,;SeNO.D.a + /36NO , ' 

We prove that if P is a well-ordered series of mutually exclusive well- 
ordered* series, S^P is a well-ordered series (*251'21) ; that if P is a well- 
ordered series of series, ll^P is a series (*251*3) ; that if P is a series and Q 
is a well-ordered series, P^ and P exp Q are series (*251*42) ; that if P, Q are 
well-ordered series, so is F x Q (*251*55), and therefore the product of two 
ordinal numbers is an ordinal number (*251*56). 

In virtue of the uniqueness of the correlator of two well-ordered series, 
we have 

*251*61. h P, Q e Rel^ excl .C^PCn.D: 

g ! (P mnbf Q) n RUsmor . = . P smor smor Q 
whence, without assuming the multiplicative axiom, 


* We shall also speak of them as “serial numbers.’ 
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i|»251'621. I- : C‘P C fl . g ! (P sinbr Q) a Rl'stnor . D . 

2Nr‘P = 2Nr‘Q . n Nr‘P = D Nr‘Q 

*261-66. l-iaeNO-t'A./SeNR.Pe^.C'PCa.D. 

XNr‘P = j8xa. nNr‘P = oexpr/8 

Finally, we have propositions (*251-7-71) showing that the existence of an 
existent fl in any type is equivalent to the existence of 2^ in that type, and 
therefore holds for every type of homogeneous relations, except (possibly, so 
far as our primitive propositions can show) in the type of relations of 
individuals to individuals. 


*261-01. NO = Nr“n Df 

*261-1. l-:aeNO.= .(aP).P6n.a = Nr‘P [(*251-01)] 
*26111. h : P e Bord . P smor Q . D . Q e Bord 


Pern. 

h . *205-8 . *250-1 . *37-4.31 . D 

h P e Bord . SeP smor Q . D : a C C‘P . 3 ! a . D. • a 1 min(/<8“a : 
[*37-63-431] D ; ^ e ex‘C‘P . a ! /9 . . a ! imny‘/3 : 

[*71-491] D : ;8 e Cl ex‘S“C‘P . . a ! mhiQ'yS : 

[*151-1 1-1.31. *37-25] D i/SeClex^a'Q. D^.a ! : 

[*2501] D : Q e Bind :. D h . Prop 

*261-111. h : P 6 fi . P smor Q . D . Qe Q [*251-11 . *204-21] 

*261-12. h : P € Bord . D . Nr‘P C Bord [*25111] 


*261-121. h iPefl.D.Nr'PCn [*251111] 

*261-122. hiaeNO.D.aCfl ’ [*2511211] 

*261-13. h : P 6 Bord . ^ ~ e C‘P . h . P ^ e Bord 
Dem. 

h . *205 83 . *250-1 . D I- : Hp . a • G*P a a . D . a ! min (P -j* zya ( 1 ) 

h. *20.5-831. Dh :Hp.C‘(P-|* 0 )Aa = i‘^.D.a!iifiiin(P 4 *^)‘a (2) 

h . *1 61-14 . D h :. Hp . a ! C‘(P-H ^) a a . D : 

a ! C‘P A a . V . C‘P A a = A . a ! ® 5 

[*10114] D : a ! C‘P A a . V . (?‘(P- 1 * 2 ) A a = (3) 

l-.(l).(2).(3).D 

h Hp . D ; 3 ! C\P-{^z) n a . ! min zYa (4) 

h . (4) . ^2.')0*101 . D h : P 6 Bord , z<^ € G^P . D . P-)-> e Bord (5) 

h . *25014 104 . *200*41 . D h : P- 4 > z e Bord . D . P e.Bord ,z<^€ C^P 16 ) 

h . ( 5 ) . ( 6 ) . D h . Prop 
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SERIES 


[part V 


*261131. I- : P e n . ^ ~ e C‘P . = . P-++ ^ e H [*204 ol . *25113] 

*261132. I- : 06 NO. = .0+1 e NO 
Bern. 

h. *251111 .*18112.Dh:Pen. = .l,A*;t;P 6 O. 
[*18111.(*18101).*251131] = . P4>«€ n . 

[*181-3.*251-1] = . Nr‘P+ 1 e NO (1) 

h. (1). *2511. DI-. Prop 

*26114. h ; P 6 Bord . « ~ e (7‘P . = .z^- Pe Bord 
Bern. 

t-. *205-832. *16112. D 
I- :. Hp . 3 : . D . min(^*|- P)‘o = ininp'o : 

[*250 101] D : a ! (o r> C‘P) . e o . 3 . a ! min <-l- P)‘« (1) 

h. *205-833. *16112. 3 

I- : Hp .^Jeo.aJP.D.a^ min {z ♦f P)‘o (2) 

h.(l).(2).3 

I- :. Hp . a ! P . 3 : a ! « '■' *1- P) • 3a • a • min {z <+ P)‘a ; 

[*250-101 ] 3 ; ^ 4f P 6 Bord (3) 

f- . *161-201 . *250-4 . 3l-:P = A.3.^*fPeBord (4) 

l-.(3).(4). 3l-:PeBord.ir~ea‘P.3.z«f PeBord (5) 

I- . *250-14104. *200-41 . 3 h : a P e Bord . 3 . P e Bord . z ~ e (7‘P (6) 
h . (5) . (6) . 3 h . Prop 

*261-141. V i P eCl . z<^eG‘P . = . z^- P e il [*204-51 .*251-14] 
*261142. f- ; o 6 NO . = . 1 + o € NO [Proof as in *251-132] 

*261-16. h. 0^6 NO [*250-4. *15311] » 

*261-16. h . 2, 6 NO [*250-41 , *153-211] 

*261-17. hxx^y.x^z.y^z.'^.x^y-{^zeB, [*251131 .*25041] 
*261-171. h.2,+ ieNO [*25116132] 

*261*2. h : P 6 ReP excl « Bord . (7‘P C Bord . 3 . S‘P e Bord 
Bern. 

»- . *162-23 . 3 h : a ! a « C'‘2‘P . 3 . a ! « P“(7‘P . 

[*37-264] 3 . a ! (?‘P « (1) 

h.*37-46.*33-6.3f-:QeP“a.3.a!a'' (?‘Q (2) 

h.(l).(2).*250-101 .3 

1- :. Hp . 3 : a I « .(7‘2‘P . 3 . (aQ) • Q minp F“a . a ! min, 2 ‘a . 
[*205-85] 3 . a ! mtn (2‘P)‘a (3) 

h . (3) . *250-101 . 3 h . Prop 
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*261-21. I- : P e ReP excl n n . C‘P C ft . D . S‘P e ft [*204-52 . *251-2] 

*261-211. h: Nr‘P€NO.Nr“C‘PCNO.D.2Nr‘PeNO 
Dem. 

I- . *182-16-162 . D I- ; Hp . D . Nr‘ I ;P e NO . i ;P e ReP excl (1) 

•} V 

h . *182-05-11 . *151-65 . D f- : Hp . D . NP'C" j^JP C NO (2) 

I- . (1) . (2) . *251-122 . D h : Hp . D . i ’-P « ReP excl n ft . 0‘ I JP C ft . 

•> •> 

[*251-21] D.S‘J;Peft. 

[*251-1.(*1 83-01)] D , X Nr‘P e NO : D h . Prop 

*261-22. h : P, Q e Bord . O'P a = A . 3 . P4l Q e Bord 
Dem. 

H • *1*62 3 • *163 42 • 3 I- • Up • (P = A.Q = A).3. 

P ^ Q e Bord . C‘{P 4 Q) C Bord . P J. Q e ReP excl . 
X‘(P4Q) = P^Q. 

[*251-2] 3.P4iQ€Bord (1) 

I- . *160-21 .*250-4 .3t-:P = A.<3 = A.3. P^Q e Bord (2) 

h . (1) . (2) . 3 I- . Prop 

*261-23. l-:P,Qeft .0‘PA0‘Q = A.3.P4.Q€ft [*204-5 . *25122] 

*261-24., l-:<z,/3eN0.3.a+;SeN0 
Devi. 

h, *251-111 .*180-12-;i. 3 

h : P, e ft . 3 . 'i (A A G‘Q)hiP e ft . (A a C‘P) i hiQe ft . 

O' 4, (A A G‘Q)hiP A (7‘(A A G‘P) J, h>Q = A . 
[*251-23.(*181-01)] 3 . P + Q 6 ft . 

[*180-3.*251-1] 3.Nr‘P-fNr‘QeN0 (1) 

h . (1) . *251-1 .31-. Prop 


*261-26. 1- : P4^Qeft . = . P, Q eft . 0‘P a C'‘Q = A 
Dem. 


h . *204-5 . 

D h : P4iQ€n . D . P, Q€ Ser . A (7^(3=^A 

(1) 

l-.(l). *205-84. 

3 f- P4-Q eft . 3 : a ! C^P n a . 3a - g ! minp^a : 


[*260-11] 

3 : P € Bord 

(2) 

l-.(l). *205-841 

. 3 h P4-Q e XI . 3 : 



— y 

g ! a — C*P A G^P^Q) . 3« . g ! tninQ‘(a — 

C‘P): 
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SERIES 


[part V 


[*16014.(1)] D : 3 ! a n C‘Q . D, . g ! minQ‘(« — C‘P) . 

[*205'16.(1)] Da . 3 ! miny'a : 

[*2501 01] DiQe Bord (.3) 

F . (1) . (2) . (3) . D h : P4:Q e n . D . P, Q e n . O'P n (7‘Q = A (4) 

t- . (4) . *251-23 . D h . Prop 

*261-26. h:«,/36NO-t‘A. = .a+y8€NO-t‘A [#251-25] 

*2613. h;Pefl.C'‘PCSer.D.n‘PeSer [*20457 . *2.501] 

*261-31. h : E 1! B“C‘P .D.B[C‘Pe F^‘C‘P 
Dem. 

h . *71-571 . D t- : Hp . D . P C'Pc 1 -> Cls . a‘{B \ C‘P) = 0‘P (1) 

h. *93-103. Dh.PCP (2) 

h . (1) . (2) . *80-14 . D h . Prop 

*261-32. h : E I! P“C‘P . g ! P . D . B |- C*P = P'H'P 
Dem. 

h . *172-162 . D h : Hp . D .Ib^WP = B^‘C‘P 

[*82-21] = t‘(P |- C‘P ) : D I- . Prop 

*261-33. i-:C'‘Pcn-t‘A.a!P.D.a!n‘P.Pi‘C'‘-P=5‘n‘P 
[*250-13 .*251-32] 

*261-34 h : P 6 Rel» excl . (7‘P C ft - l‘A . D . g ! e^‘C"0‘P 
Dem. 

h . *251-33 . *173-16 . D 1- : Hp . g ! P . D . g I Prod‘P . t 

[*173-161] 3 . g ! Prod‘(7“(7‘P 

[*115-1] D.g!eA‘0“0‘P (1) 

1- . *83-15 . D h : P= A . D . g ! e^‘C“C*P (2) 

h . (1) . (2) . D P . Prop 

*261-36. h :: P 6 ft . D :. 

oPei)8 . = : ct,fi€C\‘C‘P : ("^z) . z e a — ^ . a n P‘z = ff n P‘z 

Dem. 

h. *170-2.3 

y -- y 

h /8 e Cl‘0‘P ; (g ^^) .zea — fi.an P‘z = yS r» P‘z ; D . aPaff (1) 

h. *170-23-1. *250-121.3 

I- Hp. 3 ;.«Poi/8. 3 : a,^eCVG‘P t{’g^z) .z ea—^ .ur\ P‘z = ^ nP^z (2) 
H . (1).(2). 3 1- . Prop 
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«251‘351. I- :: P e . D aP,<.;8 . = ; 

«, /3 e C1‘0‘P : (g^) . z e a.ttr\*P‘z:= ^ n*P‘z [*251-35 . *170-101] 

*261-36. l-:Pen.3.Pe,€Sei- 
Dem. 


h.*l70l7 .Dh.PeiG J (1) 

h . *251-35 .31-:; Hp . D a.P^\^ . ^Pdy . 3 : 


{’^z, w).zea — ^.we$—y.ar\ P‘z = ^r> P‘z . ^ n P‘w = y r\ P‘w ( 2 ) 
I- . *201-14 . 3 

h Hp ..s^ea — y9.«(;€/3 — 7.ar\ a P^z . /3 a P^w = 7 a P^i(; . D : 

— > — > 

zPw . z ed — y .a f\ P‘z = y r\ P‘z (3) 

h . *201-14 .31-:. Hp (3) . 3 : wPz .w ea — y .a r\ P‘tv = 7 n P‘w (4) 
h . (2) . (3) . (4) . *202-104 . *251-35 . 3 h :. Hp . 3 : aPe,/3 . ^P,iy . 3 . aP,^y (5) 


h . *250-121 . 3 

h ; Hp .a, fie C\‘C‘P . a +/9 . 3 . (g^) . « = minp‘{(a — y8) w (/3 — a)} . 

[*205-14] 3.(g^) . z e {(■x — — a)] .a n P‘z ^ ^ n P‘z . 

[*251-.36] 3.a(Pe,wP„)/3 (6) 

f- . (1) . (5) . (6) . 3 t- . Prop 


*261-361. I- ; P e H . 3 . P,e e Ser [*251-36 . *170101] 

*261-37. h:P€ft.3.Pe, = Pd, [*25135 .*171-2] 

*261-371. h : P e H . 3 . P,e = Pm [*251-37 . *170-101 . *171101] 

*251-4. h : P t- Rel’ arithm n Bord . (7‘P C Bord . C‘X‘P C Bord . 3 . 

2‘S‘PeBord 


Dem. , 

h . *251-2 . 3 : Hp .0 . 2‘P e ReP excl a Bord . C‘%‘P C Bord . 
[*251-2] 3 . 2‘2‘P e Bord ; 3 H . Prop 

*261-41. 1- ; P € Rel» arithm a fi . (7‘P C H . (7‘2‘P C H . 3 . 2‘2‘P e H 
[*204-54 . *25 1 - 4 ] 

*261-42. h;PeSer.Qen.3.P«,(PexpQ)6Ser [*20459 . *2501] 

*261*43. h ; a € NR . a C Ser . /3 e NO . 3 . (a expr)8) e NR . (a exp^^S) C Set 
[*186-13. *251-42] 

*261*44. I- : a e NO — t‘0r . ^ e NO — 1‘0, . 3 . a exp^yS =[= Of 
Dem. 

h. *165-27 ..3 

h;Hp.Pea.Qe/9.3.P]^;QeH-t‘A.(7‘Pj,;QCn-t‘A . 

r *251-33.*176-n 3.rar!(PexpQ) 
h . (n . *186-13 . 3 h . Prop 


0) 
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[part V 

*261-5. 

h : a ! P . Qe Bord . D . P J, 5Qe Bord [*165*25 . *251*11] 


*261-61. 

h:g!P,Q€n.D.PJ,5QeH 

[*165-25 . *204-21 . 

*251-5] 

*261-62. 

h:PeBord.D.C‘P;;QCBord 

•3 

[*16.5-26 . *251-12] 


*26163. 

h:PeH.D.C‘Pi;Q6n 

•3 

[*165-26. *204-22. 

*251-52] 

*261-54. 

1- : P, Q e Bord . D . P x Q e Bord 



Dem. 




V 

.*165-21. *251-5-52. D 



h 

; Hp .g!Q.D.Q],5Pe Rel* excl 

n Bord. C'QiJPC Bord 

. 

[*251-2.*166-1] '^.PxQe Bord 


0) 

h 

. *166-13 . *2.50-4 . D h : Q = A . D 

.PxQe Bord 

(2) 

h 

. (1) . (2) . D h . Prop 



*251-66. 

hiP.QeH.D.PxQefl [*251-54 . *20455] 


*261-56. 

h : a, € NO . D . a /3 e NO [*184-13 . *251-551] 


*2616. 

1- ; P, Q 6 ReP excl . O'P C ft . /Ss 

P smor Q n RHsmor . 



= \ {(giV) .NeC‘Q.\ = (/Sf‘iV)smof iV} . D . 
1 1' /t e ca V • i‘t ‘ V « -P srnor smor Q 

Bern. 

h . *250-6 . *251-1 1 1 . D I- : Hp . D . M Cl . 

[*83-43] 0 . c[ fAe €^‘/i . (1) 

[*164-43] 0 . e F smbr smor Q (2) 

1- . (1) . (2) . D h . Prop 

*261-61. h:.P,QeRel»excl.(7‘PCn.D*: , ' 

g ! (P smor Q) n Rl'smor . = . P smor smor Q 

Dem. 

h . *251-6 . D h : Hp . g ! (P smor Q) n RPsmor . D . P smor smor Q (1) 

H . (1) . *164-17 . D h . Prop 

*251-62. I- : Hp *251-61 . g ! P smor Q n RPsmor . D . 

2‘P smor 2‘Q . H'P smor II'Q . 
2Nr‘P= SNr'Q . nNr‘P= HNr'Q 

Dem. 

1- . *164-151 . *251-61 . D h : Hp . D . 2‘P smor VQ (1) 

h. *172-44. *251-61. 3 h ; Hp . D . H'Psmor H'Q (2) 

h . (1) . *183-13 . Dh;Hp.D.XNr‘P=2Nr‘Q (3) 

H . (2) . *185-1 . D I- : Hp . D . HNr'P = HNr'Q (4) 

1-.(1).(2).(.3).(4). Dh.Prop 
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In the above proposition, the h 3 ^pothcsis “ i'*, Q e Rel- excl” is unnecessary 
for SNr^P = !SNr*Q and II Xr‘P = IIXr^Q, as appears from *18314 and 
*185*12. Thus we have 


*261-621. h : (7^P C n . a ! (P slilbr Q) rs Rl^smor . 3 . 

SXr^P = Xr‘Q . n Xr^P = O XP(^ 


Dem, 

h. *151-65. *18205 102. Dh.T r C^P t ( j 5P).^iTbr P n Rl^smor (1) 

M •f 

h . (0 . *151102 . D h : Hp . 3 . aU( J >P)snVor( 1 5Ql, (2) 


h . (1) . *251 1 1 1 . *182 16 . D I- : Hi) . D . C" i C ii . 1 U\ 1 '■>(i e oxcl (H) 

•f •> *1 

h . (2) . (3) . *251'62. *183 14 . *18512 . D I- . Prop 


*251-63. h : a e NO - <‘A . yS e NR . F e Re¥ excl .Pe^. C‘P C a . D . 

5;‘Pe|8Xa.SNr‘P = /3xa 

Deni. 

t-. *164-47. *165-27-21 .D 


l-:Hp.Q€a.a:^=0,.D.Q], JP€/3.C•‘yi;PCo.i^Q^;i^ Re^excl. 
[*164-47] ^ • a ! (Q ’P) ^i7of P n Rl‘.smor , P,Q ^>Pe Rel- excl . 

[*251-61] ' 3 • (Q ’P) -sinor sinor P . 

[*164151. *160 1] D .(i^ X Q) »nwv P . 

[*184-13] D.S‘Pey8xa (1) 

I- . (1) . D I- : Hp . a=i= 0,. . 3 . S‘P e;9 X a (2) 

h . *162 42 . Transp . D h ; Hp . a = 0, . 3 . ^‘P = A . 

[*184-16] . • 3.2‘Pe/axa (3> 

I- . (2) . (3) . 3 !■ : Hp . 3 . 2‘P e /3 >C a (4) 

[*183-13] 3.2:Nr‘P = ^Xa (5) 

t- . (4) . (5) .31-. Prop 


*251-64. h : Hp *251-63 . 3 . H‘P e (a exp./3) . HNr'P = aexp, /3 
[Proof as in *251-63] 

*251-65. I- :«€NO-t‘A .yScXR.Pe/S.C'PCa. 3. 

2Nr‘P = yS X a . H SPP = a exp, /3 

Dem. 

I- . *182-16 . *183-231 . 3 

I- : Hp . Q 6 « . 3 . J ;P € RoP excl . J JP e Nr‘P . C‘ JP C Nr‘Q . 


( 1 ) 
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[*251-63] D.2Nr‘^5p=Nr‘P5icNr‘(2. 

[*183-14] 0 . 2Nr‘P =- Nr*P NPQ 

[*152-45] =i8>Ca (2) 

h . (2) . *10-23 . D h : Hp. D . 2Nr'P = /3:iCa (3) 

h . (1) . *251-64 . D h : Hp .Qea.D. IINr' ^ ’-P = (Nr‘Q) exp, (Nr‘P) . 
[*185-1-12] D . n Nr‘P = (Nr'Q) exp, (Nr‘P) 

[*1 52-45] = o exp, fi (4) 

h . (4) . *10-23 . 3 h : Hp . D . 11 NPP = a exp, /8 (5) 

I- . (3) . (5) . 3 f- . Prop 

In virtue of the above proposition, the usual relations of addition to 
multiplication, and of multiplication to exponentiation, when the summands 
or the faetors are all equal, can be established without the multiplicative 
axiom) provided the summands, or the factors, are ordinal numbers. 

*261-7. I- : a ! fl - i‘A n «oo‘« . = . a ! 2, n ^‘o . = . a ! 2 n . = . a 1 2. 


Dem. 


h. *64-55. 31- 

: a ! fl - i‘A A too* 

a . = . (aP) ’P eSl — t‘A .C‘PC U‘a 

(1) 

1- . *200-12 . 3 h 

: P € ft — i^K • 3 . 

(a«. y) . <») y € C7‘P . or . 


[*153-201.*5o-3] 3 . 

a ! 2, A R1‘P 

(2) 

I■.(l).(2).3^ 

: a 1 n - t‘A A too*' 

a . 3 . (aP) • 0‘P C <o‘« • a ! 2, A R1*P . 


[*33-265] 


3.(aQ).Q€2,.C7‘QCto‘a. 


[*64-55] 


3 . a ! 2, A too'a 

(3) 

h. *251-16-122. 

3 1- : a ! 2, A ^‘o 

. 3 . a ! H — t‘A A too'a 

(4) 

h.(3).(4). 

3 1- : a 1 H - t‘A 

A too** • — ■ a • 2, A too** 

(5) 

I- . *64-55 . 

3 1- : a 1 2, A <o((‘a 

. = .(a®,y).®+y*«)ye<o‘a- 

\ 

[*63-62] 


= • (a®» y) > x^y ,l‘x\n‘y e t‘a . 


[*54-26] 


s . a 1 2 A t** 

(6) 

1- . (5) . (6) . (*65-01) . 3 H . Prop 




*261-71. I- . a ! fl — i*K. f\ tm'CIs . a ! - t‘A rt 

[*251-7. *101 -42-43] 



*262. SEGMENTS OF WELL-ORDERED SERIES. 

Summary of *252. 

The properties of sections and segments are greatly simplified in the case 
of series which are well-ordered, owing to the fact that every proper section 

has a sequent, whence it follows that the class of proper sections is ; 

and this is also the class of proper segments. Hence also the series of proper 

sections or of proper segments is the series PiP (*262*37). The series of all 
sections is P5P4>C'P (*252*38) ; hence (*252*381) 

Nr"s"P^ie = Nr^P+i. 

The most useful propositions in this number are (apart from the above) 
*26212. hrPefl.D. 

sect'P - L^C^P = D^Pe - c^C^P ^“P^^C^P . sect^P = P^^^a^P u i^C^P 
*26217. h : P € n - . D . sect^f - = P'^Q^P u PC^P 

*262171. h : P e n . D . sect'P - t‘A - i‘C‘P = ?«a‘P 

*262-372. h P 6 n . D : s‘P€ ft ; E ! P‘P . D . Nr's‘P = Nr‘P : 

~ E ! P‘P . D . Nr‘s‘P = Nr‘P+ i 

*262'4. H : P € ft . \ C sect'P . 3 ! X . 3 . p‘X e X 

*2621. h : P e ft . a e sect'P — t'C'P . D . E ! seqp*a [*250-124] 

*262*11. h : P e ft . D . sect^P — t‘(7‘P = sect'P a (I‘seqp 
Dem. 


h . *206-18-2 . D h . (7‘P ~ e Q'seqp 
h . (1) . *252-1 . D f- . Prop 


( 1 ) 
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*26212. htPen.D. 

sect'P - t‘6'‘P= D‘Pe - = P“6'‘P . .sect'P = P“6'‘P u t'C'P 

Bern. 

f-. *211-24. *25211 . Dl-:Hp.aesect‘P-t‘a‘P.D.«€r)‘Pf (1) 

h. *211-15. Dh:Hp.a€D‘y%- t'C'P.D.aesecPP-t'C'P (2) 

l-.(l).(2). Dh:Hp.D.sect‘P-(‘C'‘P = D‘Pe-t‘C‘i* (3) 

f- . *211-302 . *252-11 . D I- : Hp . D . sect'P - t‘(7‘P = P“0‘P (4) 

I-. (3). (4). *21 1-26. Dh. Prop 

In dealing with sections and segments of well-ordered series, it is necessary 
to distinguish series with a last term from such as hav-e no last term. If 
a series has no last term, (J‘P — P“0‘P, so that C‘P e D‘Pe . But if a 

series has a last term, 6'‘P~eD‘Pt; in this case, iyPe = P“C‘P. Thus 

D‘P« is either P"G‘P or sect'P, according as there is or is not a last 
term. In either case, 

sect'P = P“C‘P u i‘C‘P, 
as has been already proved in *252-12. 

*262-13. I- : e n . E ! P‘P . D . sect‘P - PC‘P = ='P“C‘P . 

sect‘P= D‘P. u i‘n‘P =:'P“C‘P w i‘C‘P 

Bent. 

I- . *2.50 21 . *211-36 . D I- : Hp . D . sect'P- D‘i\ = t‘C'‘P . 
[*-24-4!)2.*211-1.5] D . sect'P- /‘C'‘P = D‘y-*e (1) 

[*252-12] ='P“C‘P (2) 

h.(l). (2). *211-26.31-. Prop 

*262-14. h : P € n . ~ E ! B‘P . 3 . sect'P = D‘P,='p“C‘P u i‘C‘P 
[*2.50-21 . *21 1-;1G1 . *252-12] 

— > ' 

*262-15. \-:Pen.:>.]yP, = P“D‘PyJi‘iyP 
JJem. 

1- . *252 13 . 3 h : Hp . E ! B‘P . 3 . D‘P. = 'p“D‘P w p'p^B‘P 
[*202-524] =P“D‘Pwt‘D‘P (1) 

I- . *252 1 4 . 3 1- : Hp . ~ E J P‘y\ 3 . D‘Pe =’P“D‘P w i‘D‘P (2) 

l-.(l).(-2). 3 h. Prop 


*252-16. h : y^ € n - 2,. . 3 . D'y--. = sect‘(P C D'i^) 

Bern. 

h. *204-271 .31-: Hj) . 3 . D‘y>~ e 1 . 

[*202-55] D . VHP C \yP) = 1)‘P . 

I *250 I 4 1 .*-252- 12] 3 . scctvy' ]yP) = u i‘D‘y^ 

1*37-42-421] ='p“D‘P w t‘D‘y' 

I l = D‘y\ : 3 H . Prop 
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*262 17. I- : P e n - i‘A . D . sect'P - <‘A = u t^C^P 

Dem. 

h . *252'12 . D I- : Hp . D . sect'P — t‘A = (P“C‘P — i‘A) w i‘C‘P 
[*33-41] = P“a‘7' u j‘r‘P : D f- . Prop 

*262171. I- : P e n . D . sect‘P - t‘A - <‘C'‘P = P“(I<p 
Dem. 

h . *252-12 . D h ; Hp . D . (sccPP - i‘C‘ P)- i‘\='p“a‘p - t‘\ 
[*33-41] =‘p“(I‘P ; D t- , Prop 

*262-3. H: Pen.D.D‘?‘P*=P“C“P [*21-2171 . *2.52-12] 

*262 31. t-rPen.glP.D. C'‘s‘P* = 'p“C‘P u i‘C‘P 
[*21 2-172. *2.52-12] 

*262-311. htPefi.alP.D. a‘s‘P* = P^H'P w i‘C‘P 
[*212-171 .*252-17] 

*262-32. l-:Pfn.D.D‘s‘P = P“D‘P [*212 132 . *2.52 1.5] 

*262-33. h : P e n - i‘A . D . C‘s‘P = P“D‘P o t‘D‘P 
[*212-133 . *252-15] 

*262-34. h : P e fi . E ! P‘P . D . C‘?‘P = 'P“C*P 
Dem. 

I- . *202-524 . D P : Hp . D . P‘P‘P = D‘P . 

[*252-33] • O.G*%‘P= 1p*‘C‘P : D P . Prop 

*262-36. P ; P € n - t‘A . E ! B‘V . D . (7‘5‘P o i‘C‘P 

[*212-133. *252-14] 

*262-36. P:Pen.E!P‘P.D.s‘P = P5P 
Dem. 

P . *212-25 . *252-34 . D P ; Hp . D . ^P = (s‘P) I (C‘<;‘}>) 

[*36-33] =s‘P;DP.Prop 

*262-37. P ; P e n . D . (?‘P) t (- t‘0‘P) ='p;p 
Dem. 

P . *36-3 . DP. (s‘P) C (- t‘C‘P) = (s‘7>) I {C‘%‘P - i‘C‘P) 

[*212-133-134] =(<s‘P)t(D‘P,~i‘C‘P) (1) 

P . ( 1 ) . *252-12 . D P : Hp . D . ( 9 ‘P) t (- GC‘P) - (s‘P) ^ {P‘^C‘P) 
[*212-2.5] =p;P:DP.Pi-op 
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#262-371. h ; P 6 n . ~ E ! £‘P . D . s‘P = PJP-^C'P 
Bern. 

H. #212-25. *252-32 . Dt-:Hp.D.P;P = (5‘P)D(DVP) (1) 

I- . *212-133 . D I- : Hp . a ! P . D . (?‘P = P‘Cnv‘s‘P (2) 

h. *252-32. Dh;Hp.D.DVP = P“0‘P. 

[*20012.*204-34] D . D‘?‘P ~ e 1 (3) 

I- . (1) . (2) . (3) . *204-461 . D I- : Hp . a ! P . 3 . P5P-f>0‘P = s‘P (4) 

h. *212-134. *161-2. D h : Hp .P = A . 3 . s‘P = A.PiP4*0‘P=A (5) 

I- . (4) . (5) . Z> I- . Prop 

*252-372. h :. P e ft . D ; s‘P € ft ; E ! P‘P . D . Nr‘s‘P = Nr‘P : 

~ E ! P‘P . 3 . Nr‘s‘P = Nr‘P + 1 


I- . *252'36 . *204-35 . D h : Hp . E I P‘P . D . s‘P sinor P . 
[*251-111.*152-321] D.?‘Peft.NrVP = Nr‘P (1) 

h . *252-371 . *204-35 . *200 52 . D 

l-:Hp.~ElP‘P.D.NrVP = Nr‘P + i. (2) 

[*-251-132] D.s‘Peft (3) 

l-.(l).(2).(3).DI-.Prop 

*262-38. I- : P € ft . D . 5‘P* = p;P-t*(7*P 
Dem. 

I-. *252-12. *212-24. D 

h ::Hp.D:.o(s‘P,n)/9. = :a,y9eP“(7‘Put‘(7‘P.aC/8.a4=/8: 

[*37-6.*200-52] 

- • (a^i y) ’iB,y eC‘P P*x . = P'y . P'jj C P‘y . P*x =]= P*y . v . 

(a«) • X e C‘P . o = P*a! . yS = C‘P : 

[*204-33-34] = ; (aa?, y ) . arPy . a = P*x . /3 =^‘y . V . 

(aa;) . a: e C-'P . a = P*® . /3 = (?‘P ; 

[*150-5-22] = ; a (PJP) /3 . v . a e C'PJP .fi = C‘Pi 
[*161-11] =:«(P5P-f*(7‘P)/8::Dh.Prop 

*262-381. h : P e ft . D . s‘P# c ft . Nr‘s‘P# = Nr'P + 1 
[*252-38 . *200-62 . *20435 . *251131] 
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*262*4. I- : Pefl .XCsect'P. glX. D.p‘\eX 
Dem. 

l-.#211*441.Dh:Hp.P = A.D.X = t‘A. 

[#53*01] :>.p‘\e\ (1) 

h . *212*172 . D h : Hp . a ! P. D . XC (7‘s‘P». g !X. 
[*252*381.*260*121] D . E ! min (s‘P#)‘X . 

[*210*222.*211*67*66] D.p'XeX (2) 

h . (1) . (2) • D h . Prop 

9i(262'41. h : P € fl . \ C sect^P • g[ ! X . D . 8*\ e X [Proof as in ^1^262*4] 

*262-42. l-:.P€n.(CnvVP*V'^Ccr: 

X C 0 - . a I X A C^s'Pjit . Da . «*(x A C‘s‘P#) e O- : D . 

(Cnv‘s‘P,|f)“<r C a 

[*260*361 . *252*381 .*212*322] 

*262*43. f- P 6 n . (s‘P#X“o* C <r ; 

X C <r . a ! >. A C*«‘P# . Da . J)‘(X a C7‘s‘P*) e tr : D . (s‘P#)“o* C a 

Dem. 

h . *212*181 . D h . (Cnv‘ 5 ‘P#) smor (s‘P#) 
h . (1) . *252*381 . D h ; Hp . D . Cnv‘«‘P* e ft 
h . (2) . *212*34 . *250*362 . D I- . Prop 


( 1 ) 

( 2 ) 



^253. SECTIONAL RELATIONS OF WELL-ORDERED SERIES. 


Sunmiari/ of 5l^2o8. 

lu the present number we shall consider the properties of the relation 
Pi (defined in ^213) when P e Q. The relation P^ has great importance in 
this case, owing to the fact (to be proved later) that Nr^^D^Ps is the class of 
all ordirials less than Nr^P, and that, ifP, Q are any two well-ordered series, 
either P is similar to a member of or Q is similar to a member of 

C^Pis whence it follows that of any two unequal ordinals one must be the 
greater. 

Th(‘ present number consists merely of the more elementary properties of 
Ps when Pefl. The inti‘re.sting properties connected with greater and less 
will be treated in the following number. 

The ino.st useful propositions of the present number are the following: 

*26313. h : 6 n . D . 1)‘7^ = P t = P I 

*26318. h : P e n . D . C^Ps C P I “P^KDP u GP . G^P, C 12 

Instead of (J^P^ C P ^ ^‘P‘^Q‘P w e‘P we shall have equality, unless 
P = A (*2531. 5). 

*2bZ 2. H : P e li - 2, . D . Nr'P, = Nr‘(^^ t + 1 

The ease wlien P e 2,. has tu be excluded, because then P ^ CI'P = A. 

*253-21. t- : e a . D . i -j- Xr'P, = Nr‘P + i 

'I'his proposition involves Nr‘P 5 = Nr‘P when P is finite, but when P is 
infinite it involves Nr'Pi = Nr‘P -j- i (cf. *261-38). 

*263-22. h-.PeQ.D.P^C D‘P, smor P t Q'P 
*263 24. h: Pefi.D.P.en 
*263-4. h : e fi - i‘A . D . 

0‘Ps = Q l(a^) . p = . V . (ax) . P = Q-^♦X} 

*253 421. h : 6 (1 . Ct 6 D‘7^ . 3 . ~ (Q smor P) 

*253 44. I- : a, /9e NO — t‘A D . a + 
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This proposition marks a difference between ordinals and cardinals. An 
ordinal is always increased by the addition of anything at the end, whereas 
this is (often if not always) not the case with a cardinal if it is reflexive 
and greater than the addendum. The above proposition ceases to be true 
if we add /8 at the beginning instead of the end: yS 4- « = a will be true if a is 
infinite and is not greater than a. (For the definition of o), cf. ^1^263.) 

^253*45. h : a € NO - t^A ~ L‘0r . D . a 4- i a 

Similar remarks apply to this proposition as to ^253'44. 

)|e263*46. h : P € n . Q, . Q smor R.D.Q^R 

I.e. no two different sections of a well-ordered series are simihar. 

It follows from *253*46 that the series of the ordinals of proper sections 
of a well-ordered series P is similar to the series of proper sections, and 
therefore, by *253*22, to the series P with its first term omitted (*253*463). 

We have next a set of propositions (*253*5 — *574) on the circumstances 
under which Nr^Ps=Nr^P and those under which Nr^Py = Nr^P 4- 1. As 
a matter of fact, the former holds when P is finite, the latter when P is 
infinite. But the distinction of finite and infinite will not be introduced till 
the next section. In the present number, we prove that (assuming P e H) 

Nr^P, = Nr^P if Q^P^ =a^P . E ! P‘P, and if not, then Nr^Py = Nr^P 4* 1 
(*253*56). This is proved by using Pj as a correlator. (Pj as a correlator 
moves every term one place down, except the first, which disappears.) For, 
if PeH, we have PpP = P^D^P (*253*5); hence we prove P^Q^P^smorP^D^P 
(*253*502), and hence, if Q^Pi= Q^P, we obtain P.p Q^PsmorP ^ D^P (*253*503). 
Hence by *253*2 (witli special consideration of the case when P62,.) we have 
the two propositions 

*263*61. h : P 6 n . a^Pi = a^P . E ! P^P . D . Nr^Py = Nr^P 

*263*611. b : P € n . a^Pi =:.a^P .^El B^P . D . 

Nr^Py = Nr^P 4- 1 . Nr^P ^ Q'P = Nr^P 

But if there is a term, say x, belonging to Q^P — (I*Pi, use P, as a correlator 
for the predecessors of x \ we thus find that, in this case, PsmorP^Q^P. 
Hence, by *253*2, Nr^Py = Nr'P 4- 1. 

Vi/ 

The hypothesis Q^Pj = Q^P . E ! B^P means that there is a last terra, and 
every other term has an immediate successor. This, as we shall prove later, 
and as is indeed obvious, is equivalent to the assumption that P is finite but 
not null. 

From the above propositions it results immediately that 

*263 673. b P € n . D : a^P/= Q^P . E ! P^P . = . 1 -b Nr^P + Nr^P 

Hence it will follow that finite ordinals other than 0^ are those which are 
increased by the addition of 1 at the beginning. We have also 

R.<&W. HI 
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*263*674. h P € ft ~ e‘A . 3 : Q^P^ = Q^P . E ! P^P . = . 1 + Nr^P = Nr^P + 1 
Whence it will follow that finite ordinals' are those for which the addition 
of 1 is commutative. 

' • 

4(263‘1. h i.PeA . D : QP|i 2 . = . 

(aa./3).«,/3eP“a‘P w e‘C*P.a ! / 8 -a . Q = PC a. P = PC /8 

Dem. 

h . #2131 . #25217 . D h Hp . g ! P . 3 : QP,R . = . 

(a®. lS).a,^e P**(1*F w i ‘C^P .gliS — o.Q=sPCa.P = PCi 8 (1) 
H . #33 241 . D h P = A . D ; P“a‘P w t'C'P = t‘A : 

[#24-63] D : ~ ( 30 , /S) . 0 , /3 e P“a‘P u i‘C‘P . a I /3 - o ; 

[#213-3] D:QP,P.= . 

(a«./9).«./3eP«a‘Pui‘C'‘P.a!/3-a.Q=PD«--R=-PD^ ( 2 ) 

H . (1) . (2) . D I- . .Prop 
#253-11. h P e a . D QP,R . = : 

(a®i y)‘^e Q‘P . ®Py . Q = P C P‘ic . P = P C P‘y • v . 
(a®), • ® * ci*p « Q = P C P*.® • R=p 

Dem. 

h. #33162. DI-;o=C‘P./9€P“a‘P'wi‘C'‘P.D.~a*i8-“ ( 1 ) 

h. #200-62.(1). Dh;Hp.aeP«a‘P ./8 = C‘P.3.aJ^-« ( 2 ) 

h.(l).(2).#263-l.DI-;:Hp.D;.<2P,P. = : 

(^a,^).a,fie'P‘^a‘P.-3^lD-a.Q^Pta.R = Pt^.v. 

(a«, ) 8 ) . a € P«a<P . /S * (7‘P . Q = P C a . P = P r ;8 ; 
[#37-6.#36-33] » 

= ! (a®> y) ■ ®. y « ■ a * ^‘y — -P'® • Q — -P D . p = p C P^y • v . 

(a<r) . « e a‘P . Q = P C P‘a; . P = P : 

[#211-61.#2101] 

= ! (a®>y) ■ iB,ye(PP . P‘xCP‘y . P‘x^P‘y . Q *= P C P‘a! . P = P C P‘y.^. 
(a«) . ® e g5P . (;j = P C . P = P : 

[#204-33*34] s : (aa!,y).®,y eCI'P.arPy . Q>= PC P'«. P = PC P‘y • v. 

(a«).a!€CI‘P.Q = PC^a!.P = P (3) 

I- . (3) . #33-14 . D h . Prop 

#263-12. h:Pell.P~e2,.D.P,-(PC5P;PCa‘P)-+»P 
Dem. 

H .#204-272 . 3 h : Hp. D .a‘P~e 1 . 

[#202-65.#218151] 3 . P C“P“a‘P . (PP C JPJP C G'P ( 1 ) 
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!• . (1) . 4(253'11 . D h !: ^ . D QPtM , = : 

Q (P C 5 P D <I‘^) -B • V . Q e W D 5 P5-P C • -B = -P 

[*161-111 = : Q {(P D 5P5P D <I‘-P)-f»-P) P :: 3 1- . Prop 

*263-121. I- ; Pe ft . D . P~ 6 C'P D»P»P t d'P 
Pern. 

h . *200-52 . D h ; Hp . D . (7‘P~ eP“a‘P . 

[*36-25] D . P ~ € C‘P t ;p;P D a‘P ; D I- . Prop 

*263-13. h : P € ft . D . D‘P, = P D“P“a‘P = P p“P“a‘P 
Pern. 

I- . *213-141 . *252-171 . D 1- : Hp . D . D‘P, = P C“'P“a‘F 
h . *37-22 . *2.50-13 . D 

h ; Hp . a ! P . D . P ^“P^O'P = P ^“P“a‘P w l‘P ^"P'P'P 
i*33-41.Tran8p] = P l:“P“a‘P w l‘A 

h.*25042.Dh:Hp.alP.D.AeP^“P“a‘P 
h . (2) . (3) . D I- ; Hp . a I P . D . P ^“P«0‘P = P D“P"a‘P 
I- . *33 241 . D h : P = A . D . P t“P“C‘P = A . P ^“P«a‘P = A 

h . (4) . (5) . D 1- : Hp . D . P ^‘‘P“C'‘P = P ^“P“a‘P 
t- . (1) . (6) . D H . Prop 
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( 1 ) 


( 2 ) 

(3) 

( 4 ) 

(5) 

( 6 ) 


Pern. 


*263-14. l-:Peft.D. 

a‘P, « (P ^“^‘Q'P w t‘P) - t‘A = (P ^“P‘‘C‘P w t‘P) - t‘A 

h . *213-162 . D h ; Hp . D . a‘P. = P C“8ect‘P - t‘A 
[*262-12.*36-33] * = (P ^‘‘P“(7‘P w i‘P) - t‘A (1) 

[*253-13] = (P t‘‘P‘‘a‘P w t‘P) - t*A (2) 

h.(l).(2).Dh.Prop 

*263-16, h : P e ft - t‘A . D . OP, = P ^‘‘P“a‘P w i‘P = P t«P“OP u t‘P 
[*253-13-14] 

*263-16. l-;Peft-t‘A.D.B‘P, = A.P‘P,-P [*213165-168 . *25013] 

*263-17. h ; P e ft . D . P, ^ D‘P, = P tUpiP ^ ft'P 

Pern. 

h. *263-11. 3 

I- :: Hp . 3 QP,P . = ; Q(PC5P5PD v . Q«PD“P“a‘P . P = P 

[*263-121] 3 Q(P, t D‘P,)P . = . Q(P ^JPJP t CI*P) P ;; 3 h . Prop 
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#26318. h : P e n . D . C‘P, C P p“P“a‘P w i‘P . O'P, C €l 
Dem. 

h. #25311. D 

h Hp . D Q e C‘Pt . D : (a^;) . a; e (I‘P . Q = P ^ P‘x . v . Q = P ; 
[#37-6J OiQeP t“P“a‘P w i‘P (1) 

h . (1) . #250141 . D 1- : Hp . D . C‘P, C H (2) 

h . (1) . (2) . D h . Prop 


*263181. h : P 6 n . D . C‘P, C D‘P, u i‘P [*2531813] 

#263-2. I- : P € n - 2, . D . Nr‘P, = Nr‘(P f Q'P) + i 

Dem. 

h . #2531212 1 . D I- : Hp . D . Nr'P, = Nr‘P ^ 5P5P D H'P + 1 
[#213151.#252 171] = Nr'PJPCQ'P+i 

[#204-34] = N r‘(P ^ G'P) + 1 : D h . Prop 

#263-21. • h ; P € n . 3 . 1 + Nr‘P, = Nr‘P + i 
Dem. 

t-. #253-2. Dh;Hp.P~62,.D.l+Nr‘Ps = i + Nr‘(P^a‘P) + i 
[#204-46-272] =Nr‘P + l (1) 

h. #213-32.3 I- :P€2r.D.i4-Nr‘P5=i + 2, 

[*161-211] =2, + i 

[Hp] =Nr‘P+l (2) 

h . (1) . (2) . 3 f- . Prop 

It would be an error to infer from the above propositioi^ that 
Nr‘i*f = Nr‘P, since addition of ordinals is not in general commutative. 
When P 6 ft, Nr'Pj = Nr‘P holds when (7‘P is finite, but not otherwise. 
When (7‘P is not finite, i + Nr'P, = Nr'Pt, so that Nr'Pt = Nr‘P4- i ; but 
Nr‘P + Nr‘P+i. 

#263-22. h ; P c ft . 3 . P, D D‘Pf smor P p H'P 
[#253-17 . #213-151 . #252171 . #204-34] 


#263-23. 

Dem. 


h :. P e ft . 3 : Nr‘P = Nr‘Q . = . Nr‘P, = Nr‘Q, : 

P smor Q . = . Pt smor Qt 

h . #181-33 . 3 h ; Nr‘P = Nr‘Q . = . Nr‘P + 1 = Nr‘Q + 1 
l-.(l). #258-21. 3 

I- :. Hp . 3 : Nr‘P = Nr‘<2 . = . 1 + Nr‘P, = 1 + Nr‘Q, . 
[#181-33] =.Nr*P, = Nr‘Q,;.3l-.Prop 


(1) 
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#263 24. h:Pen.D.P,€n 
Dem. 

I- . #253-2 . #250-141 . #251 132 . D h ; Hp . P~ € 2^ . D . Nr‘P* e NO (1) 
h . #213-32 . #251-16 . D h : P e 2, . D . Nr‘P, « NO (2) 

I- . (1) . (2) . D h ; Hp . D . Nr‘P, e NO . 

[#251 122] D .Pj e fl : D H . Prop 

#253-26. I- P, Q e fl - t‘A . D ; Ps t D'P, snior Q, t D‘Q , . = . P smor Q 
[#253-22. #250-17] 


#263-3. I- : P € fl . D . P,‘P = P D“P“a‘P = P D“P“C'‘P = D‘P, 

[#213-243 . #253-13] 

#263-31. l-:.P€a.D:QP,P. = .PeP C^P^C^P ^JpP.QeR 
Dem. 

h . #213-245 . #253-13 . D 

h Hp- . D : QPsB . = . B e C^P, . Q e B . 

[#33-24.#213 3] = . B e C‘Ps . g ! P . Q e P 1“'R“C*R . 

[#253-15] =.B6Pt“P“C‘Put‘P.a!P.Q6Bt“B“C'‘P (1) 

I- . #37-29 . #33-24 . D H ; Q e P . 3 . g ! P : (2) 

[#13-12] DI-:Q€PC“^‘(7‘P.P = P.D.g!P (3) 

f-.(2)^^-^. Dl-;P6PC“P“C?‘P.D.g!P (4) 

h . (3) . (4) . D I- : P € P ^“P“C‘P ^Ji‘P.QeR t“R“C‘R . D . g !P (5) 

h - (I) . (5) . D h . Prop 




*263-32. h : P e n . i? € C^Ps . D . = R = D^R, 

[*213-246. *25313] 


*263-33. h P € fl . D : Q(P, ^ D^Ps) P . = . Pe P ^^^P^^C^P.QeP ^^'P“C^P 
[*213-247. *253-13] 

If a is any ordinal number, and Pea, the ordinal numbers of the 
sectional relations of P are all those ordinals which can be made equal 
to a by being added to, i.e. all ordinals /S such that, for a suitable 7 , 
a = /84-7. (Here 7 must be an ordinal or 1.) Further, in virtue of *250*67, 
no member of D‘Ps is similar to P; hence, if a is an ordinal, and a = )8 + 7 , 
where 7 + Or, it follows that a 4 =) 8 . (Observe that a 4 = 7 does not follow from 
/3 + 0y.a==^ + 7 .) These and kindred propositions, which are important in 
the theory of ordinals, are now to be proved. 

*263 4. h : P e n - PA . D . G^Ps = Q ((gP) • P = Q^R • v . (ga?). P = Q4>a?) 
[*213-41. *250-13] 
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#263-401. l-rPcft.D. 

P KaP) . P = Q 4. P . V . (a®) . P = Q-ba5} 

Dem. 

h . *263-415 .DhiHp.alP.D. 

p t“P«c7‘P w t‘P = 0 {(a^) . P = Q 4 ^ • V . (a*) . P = Q+>«} (i) 

h. *37-29. Dl-:P = A.D.P^“P“C'‘Pwt‘P = i‘A (2) 

h.*160-14.*33-241.3h:.P = A.D;P = Q4P. = .Q = A.P = A: 
[♦10-2813 D:(aP).P = Q4P. = .Q = A (3) 

h . *161-13 . *33-241 . D h P = A . D : P = Q-l+a;. = . Q = A ; 

[*10-24-23] D:(a®).P=Q-t4a!. = .Q = A (4) 

h .(3) .(4). D h :: P = A. D (aP) • P = Q4-® ■ • (a®)*-P=Q-+>^* = 

[(2)3 =.Q€P^“P“0‘Pui‘P (5) 

h.(l).(6).DI-.Prop 

*263402. l-;Pefl-t‘A.D. 

D‘Pt = 0 {(a-®) .P4=A.P=Q4-K.v. (aa?) • p = Q- t+a;} 

Dem. 

h. *253-16-4. D 

I- :: Hp . D :. QeD'Pj . = ; Q4-P* (a-®) • -P = Q 4^ • (a®) • P = Q-l*a; (1) 
h . *161-14 . *200-41 . D H : Hp . P = . D . <c e (7‘P . a? ~ e (7‘Q . 

[*13-143 3.Q+P (2) 

I-. *160-21. Dh:Q + P.P = (24P.D.a!P (3) 

h. *160-14. *200-4. D 

h : Hp . p= Q4P . a ! p . D . a ! G*P « 0‘P . ~a J « c-'-R ■ 

[*13-14] D.P + Q . (4) 

h.(3).(4).D 

h::Hp.D:.Q + P:(aP).P = Q4P: = .(aP).P + A.P = Q4P (5) 

h.(l).(2).(5).DI-::Hp.D:.Q€D*P,. = : 

(aP) .P4=A.P=»Q4-®-''* (a®) ■ -P = :: 3 H . Prop 

*263-41. l-:.P6n.QeC‘P,.D; 

(aa) . a e NO . Nr‘P = Nr‘Q 4 « . v . Nr‘P = Nr‘Q + 1 

Dem, 

h. *213-3. DI-:.Hp.D:P + A: 

[*253-4] D : (aP) . P = Q 4 ^ • v . (a®) • P = Q-+4® : 

[*211-283.*200-41] 

3 ; (aP) . P™ Q 4 = A . V . (aa;) . P = Q-f4a! . a!~ e (7‘Q ; 

[*180-32.*181-32] D : (aP) . Nr‘P = Nr^Q 4 Nr*P . v . Nr‘P = Nr‘Q 4 1 : 
[*261-26] 3 : (a«) . « « NO . Nr‘P = Nr*Q 4 « . v . Nr*P = Nr‘Q 4 1 :. 3 h . Prop 
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#263-42. h:Pen.D.Nr‘PAD‘P, = A [#260-651 . #213141] 

#268-421. l-:Pefl.QeD‘P,.D.~(QsmorP) [#253-42] 

#263-43. H Pe 11 y eQ‘P . D : P^ P'assmorP^P'y . = = y 

Dem. 

h . #263-11 . D h ; Hp . <tPy . D .(P ^ P‘a!)P.(P lP‘y) • 

[#213-245] D.PtP‘a;eD‘(PCP‘y),. 

[#253-421] D . ~ {(P X^‘oo) amor (P ^ P‘y)} (1) 

Similarly h : Hp . yPx . D . ~ {(P ^ P‘ar) amor (P ^ P‘y)} (2) 

H . (1) . (2) . D h Hp . D ; (P iP‘x) amor (P ^ P‘y) ■ 3 . ~ {mPy ) . ~ (yPa?) • 
[#202-103] D.a: = y (3) 

H. (8). #151-13. 3 h. Prop 

#263-431. l-:P4:<2ell.a!Q.3. Nr‘P + Nr‘(P 4^ (?) 

Dem. 

l-.#263 402.3l-;Hp.3.P6D‘(P4-(2). (1) 

l-.(l). #263-421.31-. Prop 

#263-432. l-:P-f>a!eft.alP.3. Nr‘P + Nr‘(P-Ka=) [*253-402-421] 

#263-44. l-:a,^eNO-i‘A.^ + 0,.3.a + /9 + a 
Dem. 

I-. #251-1. *155-34. 3 

(- ; Hp . D . (aP, (?) . P, (? e n . a = Nor‘P . )3 = N.r‘(? . a I <? • 

[#180-3] 

^•(ai’.(?)-P,QeH.a = Nor‘P./3 = N,r‘(?.aI(?.a4;8 = Nr‘(P-K?) (1) 
I- . *180-12 . #253-431 . (#180 01) . 3 
l-:P,(?en.a!(?.3. Nr‘(P + Q\ 4= Nr‘P . 

[*166-16] D . Nr‘(P + Q) 4= N„r‘P (2) 

l-.(l).(2).3 

h : Hp . 3 . (aP, Q)’. P, Q e fl . a = Njr'P . /8 = Njr'Q . a 4- + Njt'P . 

[*13-195] 3.a + /94=a:DI-. Prop 

*26346. I- ; aeNO — t‘A- 1‘0, . 3 . a4- i 4=« 

[Proof aa in *253 44, using *25 3 432 instead of #253-431] 

#263-46. \- ■. P e a. Q, Re C*P , . Q amor P . 3 . Q = P 
Dem. 

h. *253-421-16. 3 l-;Hp.Q = P. 3. P = Q (1) 

I- . #263-16 . 3 1- : Hp . (? 4= P . P 4= P . 3 . Q, P e D‘P, . 

[#263-13] . ■^.{’gx.y).x,yea‘P.Q^PiP‘x.R = PtP‘y. 
[#263-43.Hp] 3,Q=xP 
I- . (1) . (2) . 3 1- . Prop 


( 2 ] 
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*263-461. I- ; P 6 n . D . Nr r C‘P, e 1 ->1 
Dem. 

I- . *253-46 . D h : Hp . Q, P € C'P, . Nr‘Q = Nr‘P . D . Q= P : 3 h . Prop 
*263-462. hrPefi.D. 

Nr (P t) P r fi 1 -» 1 . Nr ;P p JPJP t Q'P smor P ^ Q'P 
[*253-43] 

*263463. hiPen.D. 

NrJ (Ps I lyp,) smor P, I D‘P, . ^v‘>{P, ^ D‘P ) smor P t Q'P 
[*253-462-17-22] 

*263-47. h : P € n - i‘A . D . 

Nr“C’‘P, = 3 {(a^S) . a + /8 = Nr‘P . v . a + i = Ni-'P] [*253-4] 
*263471. htPen.D. 

Nr“(D‘Pt o i‘P) = a {( 3 / 8 ) . a + /S = Nr‘P . v . a + i = Nr‘P} 
[*253-401-13] 

The following propositions are concerneil in proving that Nr'Pj is either 
Nr‘P or Nr‘P-i-i. This is proved by using P, as a correlator. The 
methods employed anticipate the discussion of finite and infinite series ; 
in fact, when P is finite, Nr‘Pj = Nr‘P, and when P is infinite, 

Nr'Pj = Nr‘P f 1. But it is important at this stage to know that Nr‘Ps is 

either equal to or greater than Nr'P, and the propositions are therefore 
inserted here. 

*263-6. h;P€n.D.P,;P = PCD‘P 
Dem. 

I- . *201-63 . *25-411 . D I- :: Hp . 3 P = Pi «. Po 

[*150-11] 3 ic (P, >P) w . = ; ( 33 /, z) : xPiy : yPiZ . v . yP^z : wP^z : 

[* 204 - 7 ] = : ( 3 . 2 ) . xPxW . wP^z . V . (ay, z) . xP^y . yP^z . iuPiZ : 

[*250 21-24] = : xPjW , w e D‘P . v . (ay) . xP^y .y,we D‘P . yPw : 

[*33-14.*34-l] = : x (P^ \j P, \ P)w .w e D‘P : 

[*33-14.*250-242] = :x.w€ D‘P . xPw :: 3 h • Prop 

*263-601. 1- : P 6 fl . 3 . P,5P = P t CI'P, 

Dem. 

h . *250-242 . 3 I- : Hp . 3 . Pi I P = Pi , Pi w A : A ! P 
[*7l-191.*204-7] = 7 pQ'Pi c;(a‘Pi)1 P • 

[*i5o-i.*.5o-6.5] 3.Pi;p =.(a‘Pi)i p,c»(a‘A)1P|Pi 
[*250-243] = P ^ a‘Pi : 3 1- . Prop 
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*263-602. h : P e n . 3 . P t O'P, smor P I D‘P 
Dem. 

h . *2.53-5 . *150-36 . D h : Hp . D . P ^ D‘P = P, ! (P ^ Q'P.) (1 ) 

I- . *151-21 . *204-7 . D h : Hp . D . P.; (P t Q'P.) smor P I Q'P, (2) 
l-.(l).(2).DI-.Prop 


*263-603. h : P e n . Q'P, = Q‘P . D . P t Q'P smor P t D‘P [*25.3 .502] 

This proposition shows that if P is a well-ordered series in which every 
term e.\cept the first has an immediate predecessor, the scries obtained by 
omitting the last term (if any) is .similar to that obtained by omitting tlic 
first term. The converse also holds, as will be shown later. The hypothesis 
Pefl.G‘Pi = Q‘P is equivalent to the hypothesis that P is finite or a pro- 
gression. (Here a progression is not what wa-s defined as “ Prog ” in *121, but 
what Cantor calls eo; i.e. if Re Prog, is a progression in our present sense.) 


*263-61. h : P e n . Q'P. = H'P . E ! P‘P . D . Nr‘P, = Nr‘P 
Dem. 

■ b.*2.5.3-2. Db:Hp.P~e2,.D.Nr‘P, = Nr‘(Pta‘P)-i-i 
[*253-503] = Nr‘(P [ D‘P) + 1 

[*204-401-272] = Nr‘P (1) 

h . *2 1 3-32 . D h : P € 2,. . D . Nr‘P* = Nr‘P (2) 

t-.(l).(2). Dh.Prop 


*263 611. H : P € fi . H'P, = H'P . ~ E ! B‘P . D . 

Nr'Ps = Nr‘P -I- i . Nr‘P I Q'P = Nr‘P 

Dem. 

h . *93-103 . *202-52 . 3 h : Hp . D , P t D‘P = P . 

[*253-503] 3 . Nr‘P I Q'P = Nr‘P . (1) 

[*253-2] 3 . Nr‘P, = Nr‘P + i (2) 

I- . (1) . (2) .3b. Prop 

*263-62. b : P e ft . a: = mitl/>‘(0[‘P — CI'Pi) . 3 . 

a‘P n'p‘a; C H'P, . P,“P‘a; = P‘* . P,“^‘a: = P‘a: - t‘P‘P 

Dem. 


b. *205-14. 3b;Hp.3.a‘PAP‘arCa‘P, (1) 

b . *250-242 . 3 b : Hp . 3 .'P*x = P.‘a: w P“lp‘x 
[*33-41.Hp] =P,“P‘a;. (2) 

[*72-501. *204-7] 3. A“P‘*P = ^‘*r'C[‘7^ (3) 

b . (1) . 3 b : Hp . 3 . Q'P n P‘a: = a‘P a P‘.r a Q'P, 

[*1 21 -305] = a‘P, A ~P*a; (4) 

b . (3) . (4) . 3 b ; Hp . 3 . P,“P‘a: = a Q'P 

[*33-1 5. *202-52] =P‘a;-t‘P‘P (5) 

b . (1) . (2) . (5) . 3 b . Prop 
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♦263-621. ViPeil.xea^P- G'P, . D . P‘x, a‘P ~ 6. 1 
Dem. 

I-. *201-66. DhzPen.P'^rel.D.asea'P, (1) 

h . (1) . Transp . 3 h : Hp . D . P‘x ~ e 1 (2) 

I-. *201 -662. Dh:Hp.D.a‘P~6l (3) 

h . (2) . (3) . D h . Prop 

*263-622. V i Pea. min/(a‘P - O'P,) .8 = P, fP‘x k> I [ P*'® . D . 

s;(ppa‘P)-p 

Dem. 

1-. *34-25-26. *50-6-51. D 

h : Hp . D . 5;(P ^ a‘P) = (P. f P‘a;);P I Q'P o (/ [ P#‘a;);P o 

(p. r A) 1 p I / c; / r p*^ i p i py h 

r*60-6-61.*150-36.*35-462] = (P, I‘^‘a;);P o P ^ %‘x o P, [‘P‘x | P ^ P*‘a> o 

P*‘a;1 P[P‘a;|P, 

[*74-141.*263-62.*200-381]= (P. [ P‘a;);p v> PI%‘xk>P‘x'\P,\P f 
[*250-242.Hp] = (P, P‘a!);P w P lP^‘x kiP'x'I P |- P#*® 

[*160-36] = (P,>P) I P,“P‘a: c» P ^ P*‘a; c» P‘*1 P [P#*® 

[*253-6-52] = P p P‘® c» P ^ P*‘® c; P‘a; 1 P P*‘® 

[*35-413.*200-381] =Pp(P‘®wP*‘®) 

[*202-101] =P:Dh.Prop 

*263-63. h : P € H . ® = nainp‘((I‘P — d'Pi) . D . 

P, P‘® o J f- P#‘® e {P smor (P ^ (1‘SP)} 

Dem. 

h . *204-7 . *200-381 . D h ; Hp . 3 . P, [‘P*® c » I f- P*‘® e 1->1 (1) 

I-. *253-52. *50 5-52. 3 

h : Hp . 3 . a‘(P. h P‘® c» / r P*‘®) = (P‘x - t‘P‘P) w *P^Jx 
[,202101] .CP-,-B-P 

[*93-103] =a‘P 

[*202-55.*253-621] =C‘(Pta‘P) (2) 

h . *263-622 . 3 h : Hp . 3 . (P, t P‘® o / r^*‘<»)K-P t ^ (8) 

h . (1) . (2) . (3) . *151-11 .31-. Prop 

*263-64 h ! Pefl . a ! a'P-Q'P, . 3 . Psmor P ^ d'P 
Dem. 

I- . *250-121 . 3 1- : Hp . 3 . E ! mmp‘(a‘P - Q'P,) (1) 

h . (1) . *253*53 .31*. Prop 
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»263-66. I- ; P e n . a ! a‘P - Q'P, . D . WP, = Nr‘P-l-1 
Bern. 

h . #253-521 . *204-272 . D h : Hp . D . P ~ e 2, (1) 

l-.(l).*253-64-2.Dh.Prop 

#253-66. h P 6 n . D : Q'P, = O'P . E I P^P . D . Nr‘P, = Nr‘P : 

~ (Q'P, = a‘P . E ! P‘P) . D . Nr‘P, = Nr‘P -i- i 
[#253-51-511-55] 

#263-67. l-:Pen.a‘P, = a‘P.ElP‘P.D. 

1 + Nr‘P = Nr‘P -1-1.1 + Nr‘P + Nr‘P 

Dem. 

h . #253-51 . D h : Hp . D . Nr‘P, = Nr‘P . 

[#253-21] D.l-|-Nr‘P = Nr‘P-}-l. (1) 

[#253-45] D . 1 + Nr‘P + Nr‘P (2) 

h . (1) . (2) . D I- . Prop 

#263-671. I- : P 6 ft . ~ (Q'P, = Q'P . E ! B‘P ) . 3 . 1 -j- Nr‘P = Nr‘P 
Dem. 

V.. #253-56 . D h : Hp . 3 . Nr‘P, = Nr‘P -|- 1 . 

[#253-21] 3.1-1. Nr‘P -|- 1 = Nr‘P + 1 . 

[#181-33] 3.1 + Nr‘P = Nr‘P;3l-.Prop 

#263-672. h : P 6 ft - t‘A . ~ (H'P, = Q'P . E ! P‘P) .3.1 +Nr‘P + Nr‘P+ 1 
[#253-571-45] 

#263-673. h P e ft . 3 : H'P, - C'P . E I P‘P . = . 1 Nr‘P + Nr‘P 
[#253-57-671] 

#263-674. P e ft - t‘A . 3 ; H'P. = Q'P . E I P‘P . = . 1 -I- Nr‘P = Nr‘P + 1 
[#263-57-572] 



*264. GREATER AND LESS AMONG WELL-ORDERED SERIES. 
Su7)imary of *254. 

In the present number we have to prove that of any two well-ordered 
series one must be similar to a sectional relation of the other. From this it 
will follow that of any two unequal ordinals one must be the greater. The 
propositions of the present number are due to Cantor*. 

Our procedure is as follows. We define a relation '' meaning 

** R is Si proper section of P, and is similar to Q** i.e. 

PPgmQ - = . P € D'Pf . R smor Q. 

In virtue of *253'46, if P, Q c Pg^^ el-* Cls (*254*22) and 
Am r ^ 1 1 (*254*222). Thus if S is any proper section of Q which 
is similar to some proper section of Ps, the proper section of P to which 
it is similar is Pam^S. It is easy to prove that Psm^Qf t is a section of 
P; and it D^Pj C CI^Qsm? if every proper section of P is similar to some 
proper section of Q, we shall have (*254*261) 

PstD^P, = Pg^5(2sDD^(2,. 

Hence it follows (*254*27) that if, further, C CI^Pgm> we shall hav^ 

Ps I D^Ps smor Q$ I P^Q,, 
i.e. by *253*25, PsmorQ (*254*31). 

Thus (A) if every proper section of P is similar to some proper section of Q, 
and vice versa, then P is similar to Q. 

Consider next the case in which every proper section of P is similar 
to a proper section of Q {i.e. D'P? C (l^Qam)> but not vice versa, so that 
g ! - Q^Pgn,. It is easy to prove that, under this hypothesis, if 

- (I^Psm> then D^Py C (*254*32). But if S is the minimum 

(in the order Qs) of the class D^Qy — Q^Pg^, then D^^Sy C Q^Pg^. Hence, 
by (A), 

S smor P (*254*321). 

Thus (B) if every proper section of P is similar to a proper section of Q, but 
not vice vei*sa, then P is similar to a proper section of Q (*254*33). 
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From (B), by transposition, we find that if every proper section of P is 
similar to a proper section of Q, but P itself is not similar to any proper 
section of Q, then every proper section of Q is similar to a proper section 
of P, whence, by (A), P is similar to Q (*264*34). Hence, if there are 
proper sections of P which are not similar to any proper section of Q, the 
smallest of such sections (say P') must be similar to Q, since it is not itself 
similar to any proper section of Q, but all its proper sections are similar to 
proper sections of Q. Hence (C) if there are proper sections of P which are 
not similar to any proper section of Q, then there is a proper section of P 
which is similar tfi"Q, ie. 

h : P, Q 6 n . a ! D^P, - .D.Qe a^P,^, (a|e254*35). 

Thus either (1) a ! D^Pj — in which case QeQ^Pgn,, or 

(2) in which ca^e P€a^Q,,„, or (3) D^P.Ca^Q,^ and 

in which case, by (A), 7^smorQ. Thus (D) if P and Q are 
any two well-ordered series, either they are similar or one is similar to a 
proper section of the other (^1^254*37). 

We now proceed to define one well-ordered series P as less than another 
well-ordered series Q if P is similar to a part of Q, but not to Q, ie. we put 

less = PQ {P, 0 6 n • a ! RHQ n Nr^P . (P smor Q)] Df. 

(Observe that we have Rl'Q in this definition, not 1)^Q9.) 

It follows from (D) that, P and Q being well-ordered series, if P and Q are 
not similar, one must be less than the other (*254*4). It follows also from 
*2o0’65 that if P is similar to a proper section of Q Q cannot be less than 
P (*254*181). Hence P is less than Q when, and only w'hen, P is similar to 
a proper section of Q, ie. 

P less y . = . P, Q € n . P 6 (PQ,,,, (*254*41). 

Hence if each of two well-ordered series is similar to a part of the other, the 
two series are similar (*254*45) ; and in any other case, one of them is similar 
to a proper section of the other. 

From the above results we easily obtain the following propositions, which 
are useful in the ordinal theory of finite and infinite. 

*264*61. h : P less V • = . P, Q e fl . Rl^P n Nr^Q = A 

I.e. one well-ordered series is less than another when, and only wdien, no 
part of it is similar to the other. 

*264*62. h : P € ft . a C C‘P . a ! C^P A . D . P p a less P 

I.e. any part of a well-ordered series which stops short of the end is less 
than the whole series. 
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#264-66. h ; . Q less P . = : P, Q e ft : (gP) . P smor Q . P G P . g ! 0‘P np*P*‘C‘B 
I.e. one well-ordered series is less than another when, and only when, it is 
similar to a part of the other which stops short of the end. 


#264'01. less = .^Q{P, Qefl.g!Rl‘QANr‘P.~(PsmorQ)} Df 
#264'02. Pgm = (D‘Pf) ■] smor Df 

#264*1. l‘:PlessQ. = .P,y€n.g!Rl‘Qr>Nr‘P.~(PsmorQ) [(#25401)] 

#264*101. 1-;P, Qen.PGQ.~(P smor Q) . D . P less Q [#254*1] 

#264*11. h ; RPtmQ • = D‘Pj . P smor Q [(#254*02)] 

#264*111. l-.Pg„‘Q = D‘P,ANr‘Q [#254*11] 

#264*12. h ; QeCI'Pgn, . = . g ! D‘Pt A NPQ [#254*111] 

#264*121. 1- . D‘P, C a‘Pg„ [#254*12. #152*3] 

#264*13. h P smor P'. Q smor Q'.DtP loss Q. = . P' less Q' 

[#151*15 . #152*321 .#254*1] 

#264*14. h ; Se D‘Q, . Pe Psmof Q.D . T>S e D‘Pt a Nr'iS 
Dem. 

h . #213*141 . D I- : Hp . D . (gi8) . P e sect'Q - t‘A - i‘C‘Q . S = QC /3 (1) 


h . #150*37 . 3 I- : Hp . S = Q C ^ . D . P5-S = (PJQ)^ 

[#151*11] =PDP“/8 (2) 

h. #21 2*7. 3 h : Hp . /3 € sect'Q . 3 . P“)8 € sect'P (3) 

I- . #37*43 • 3 h : Hp . 0 e sect‘Q — l‘A . 3 . g ! T“0 (4) 

h . #150*22 . 3 h : Hp . T“0 = C‘P.O. T“0 = T‘‘C‘Q : 

[#72*481] 3 I- : Hp . T“0 = G‘P.0e sect‘Q . 3 . /8 = C‘Q : 

[Transp] 3 I- : Hp . ^ € sect'Q - t'C'Q . 3 . + (7‘P ^5) 

l-.(3).(4).(5).3 

1- : Hp . P e sect‘Q - i‘A - i‘C‘Q . 3 . P“/S e sect'P - t‘A - t‘0‘P (6) 

1- . (1) . (2) . (6) . 3 h : Hp . 3 . (ga) . a e sect'P - i‘A — l‘C‘P . Pl/S = P^ a . 
[#213*141] 3.P5-Sf€D‘P, (7) 

I-. #1.51*21. 3 h ; Hp . 3 . (P>)S’)8mor S (8) 

f- . (7) . (8) . 3 h . Prop 

*264*141. h : P smor Q . 3 . C a‘Pg„ . D‘Pg C a‘Q.,„ 

Dem. 

h . #254*12*14 . 3 I- :. Hp . 3 : 5 6 D‘Qs . 3 . S « a‘Pg„ (1) 

h . (1) . #151*14 .31-. Prop 

*254*142. I- : P e G‘P , . 3 . Pg„ G Pg„ 

Dem. 

l-.#213*241.3t-:Hp.3.D‘P,CD‘P, (1) 

l-.(l). #25411.31-. Prop 
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#264143. I- : Q e . D . C‘Q, C a*P™ 

Dem. 

I- . #25412 . D h : Hp . D . (gP) . R e D'Pf . R smor Q . 
[#254 141] D . (gP) . R e D‘P, . D*Q, C a‘P„ 

[#264142] D.D‘Q,Ca‘P^. 

[#213 16.Hp] D . Q ^‘‘(sect'Q - t‘A) C Q'P^ . 

[#2131] D.C^QsC a‘P^ : D h . Prop 

#264144. h:P = A.D.P.„ = A [#213-3 .#2.5411] 


#264-16. h Qpo e J . a ! P‘P . Ppo C J . D : ^ e Q'P^ . = . C‘Q, C Q'P^ 
Dem. 

h . #264-143 . D\-iQe a‘P,„ . D . C‘Q, C a‘P,„ 

h . #213-142 . #211-26 .Dh;.Hp.alQ.D:Q6 C‘Q , ; 

[#22-441] D : C‘Q, C O'P^ . D . Q e a*P„ 


h. #211-18. 

[#200-36] 

[#213-16] 

[#254-121] 

K(2).(3). 

l■.(l).(4).DI-.Prop 


D h ; Hp . 3 . a ! sect'P n 1 . 

D.AeP^“(sect‘P-t‘A). 

D.AeD'P,. 

D.AeQ'P.^ 

D h :.Hp. D ; C*Q, C a*P.„ . 5 . Q e Q^P^ 


( 1 ) 

( 2 ) 

( 3 ) 

(4) 


#264-16. I- :. Q smor Q' . D ! = P.„‘Q' : Q e a‘P.„ . = . Q' e Q'P^ 

Dem. 

h . #254-111 . #152-321 . D h :. Hp . D ; P,„‘Q = P,m‘Q' ; (1) 

[#13-12] 3:a!PBn‘Q* = -a*^.m‘Q'5 

[*33- n] D ; Q e a‘P,„ . = .Q'e Q'P^ (2) 

I- . (1) . (2) . D I- . Prop 

#264161. h : P smor P' . D i a‘Pj= Q'P' „ 

Dem. 

h . #2641 4 . D I- ; PePsiSof P'. D‘P',rtNr‘Q . 3 . PJPe D‘P, a Nr‘Q ; 

[#254-12] D h : Te P smor P\Qe a‘P',„ . D . Q e H'P^ : 

[#151-12] Dh!P8morP'.D.a‘P',„Ca‘P,„ (1) 

h . (1) . *151-14 . D h ! P smor P' . 3 . Q'P^ C a‘P',„ (2) 

h.(l).(2).3h.Prop 


#264-162. h ;. P smor P' . Q smor Q'. 3 : Q e Cl'P^m . = . Q'e Q*P ^ 
[#264-16-161] 

#264-163. H : P e . 3 . H'P^ C 

Dem. 

h .#254-12 . 3 h : Hp. 3 . (a<S) • P smor /S . P e D*Qt . 
[#254161-142] 3 . (a/S) . a‘P,„ = a‘/S^ . Q'iS^ C a‘Q„ . 

[#13-195] 3.a‘P^Ca‘Q„:3h.Prop 
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[part V 


*264164. I- : D‘A C . D . J>‘P, = P„.,“(D‘a* a a‘P,„) = P,„“D‘Qs 

Bern. 

h . *2.541 1 . D h : Hp . P € D‘P, . D . (g^f) . S e T)<Qt . R smor 5? . 
[*2541 1 J D . (gP) . S e D‘Qs . RI\^S . 

[*371] D.PeP,„“D‘Q, (1) 

t- . *2541 1 . D 1- . P,„“D‘(?5 C D‘Ps (2) 

H . (1) . (2) . D I- : Hp . D . D‘P. = P„./‘D‘(?s 
[*37-26] == P,„.‘‘(D‘Q, n a‘P 3 „) Oh. Prop 

*26417. h : P e n . <3 6 D'P^ . P G Q . D . ~ (P smor P) 

Deni. 

h . *204-21 .DhiPen.PCP.P smor P . D . P e Ser . 

[*204-41] D.P = Pi:i7‘P (1) 

h . *2.50-65 . Trans j) . D 

h : P e 11 . P smor P . P = 7^ ^ C*R . D . ~ (ga) . a e sect‘P — i‘V‘P . C‘R C a . 
[*21 1-133-44] D . ~ (g(3) . (3 e P^ “(sect‘P - t‘G‘P) .RQQ. 

[*213-141] D.~(gg).(2eD‘Ps.PG(3 (2) 

h . (1) . (2) . D h : Pen . Psmor P . P Gi\ D . ~(aQ) . QeD‘Ps .RdQ (3) 
h . (3) . Tran.sp . D h . Prop 

*264-18. h:QeD‘P 5 .D.~(PlessQ) [*2.54171] 

*264-181. h:Q€a‘P3„.D.~(PlessQ) 

Dem. 

h . *254-1 S-1 2 . D h ; Hp . D .(gP) . P smor Q . ~ (P le.ss P) . 

[*25413] D . ~ (P less Q) : D h . Prop 

*264182. hzPeli.QeD'Ps.D.QlessP, [*254101 . *253-421 18] 


*264-2. h:PeO.(2ea‘P3„.D,QlessP . 

Dem. 

h. *254-11 .Dh ; Hp.D.(aP).P6D‘P5.PsmorQ. 
[*254-182] D . (gP) . P less P . P smor Q . 

[*254-1 3] D . Q less P O h . Prop 


*264 21. h : P e n . (3 e (l‘p 3 ,„ . RdQ . Re D . R less P 

Dem. 

h . *254-1 2 . D h : H p . D . (g .S', T) . Pe D‘P, . TeS smor Q . 

[*151-21.*1.50-31] D.lgS. T).ReD‘P,.TeSimorQ.TyR^movR.T>RQS. 
[*2.54-17] D.(g7’]. 7’;p.smoi-P.p;PGP.~(2';PsmorP). 

[*15117] D.(g7’). r;PsmorP.r;PGP.~(P8morP). 

[*254-1] D . P le.ss P : D h . Prop 
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*264-22. l-:Pen.D.P„„€] -♦Cls 
Dem. 

h . *254-11 . D h R1\„,Q . ,b'P,„.<2 .OiR.Se D‘7^ . R smor S ; 
[*253-46] OiPen.O.R = S (1) 

h . (1) . Comm . D I- . Prop 

*264-221. h ; P e n . D . Q'P,,,, C H 
Dem. 

I-. *254-1 2. *2531 3. D 

I- : Hp . Q e CI‘P„,„ . D . (gP, a) . R = P^a . R srnor Q . 

[*250-141 .*251-1 11] D . Qe 11 : D h . Prop 

*264 222. 1- : P. Q e 11 . D . P,„, [ D‘Q, € 1 1 

Dem. 

V : *254-1 1 . D t- P (P„„ [ D‘<20 6' . P (P,„, t -S' • D : 

P, S’ e D‘Qs . P smor S . R smor S’ : 

[*2.53-46] D:Qen.D.S=S' (1) 

I- . (1) . Comm . D h ; Hp . D . P„„ [ D‘Q, e Cls -» 1 (2) 

h . (2) . *254 22 . D h . Prop 

*264 223. h . Cnv‘(P,„, f D‘Qs) = Q,„, [ 

Dem. 

V . *254-11 . 3 h ; P (P,„, \ D‘Q,) S.b. Re D‘P , . S e D‘Q, . R smor S . 
[*151-14] = . S e D‘Qj . P e D'P* . S smor P . 

[*254-11] . ■ =.P(Q,„,rD‘Ps)P;Dh.Prop 

*264-224. h : Q e 11 . E ! P,„‘S . S e D‘Q, . D . P = 

Devi. 

1- . *254-223 . D h Hp . D : SQ,^ {P,^‘S) . = . (P,„‘P) P.„P (1) 
h . (1) . *30-32 . *254-22 . D I- . Prop 

*264-23. h:Pell.Q«a‘P.„.D.P,„/Q = t‘(D‘PtnNr*Q) [*254-22111] 

*264 24. h : P, Q e n . P 6 D‘P, n a‘(2,„, . P e Rl‘P o D‘Pj .O.Se Q'Q,™ 
Dem. 

I- . *213 24 . D I- : Hp . D . Pe D‘P* . 

[*254-143.Hp] D . P e : D h . Prop 


E.&W. lU. 
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SEBIBS 


[part V 


#264-241. h P e fi . Q, R e G‘P, . D : P € a‘(2,„ . = .Re D‘Qs 
Dem. 


1- . *254-121 . D h ; 

Re 

D‘Q, . D . 

to 

rt) 

fi 

im 



(1) 

h . *254-142 . D h : 

Hp 

. Q e C‘Rs 

• ^ • Qsm 

QR, 

im 


(2) 

I-. *253-42. Dh: 

Re 

n.D.P 




(3) 

h.(2).(3). Dh: 

Hp 

. Q e C‘R, 

. 3 - jR e Q 

‘Q.m 


(4) 

h . (4) . Transp . (3] 

».D 

1- : Hp . P 6 

. D. 

Q~eC‘P, 

.Q + P 

. 

[*213-245] 




D. 

~ (QPsP) . 

Q + P. 


[*213-153.Hp] 




0. 

RP,Q. 



[*213-245] 




D. 

PeD'Q, 


(5) 


h . (1) . (6) . D h . Prop 


*264-242. ViQeil.TeP sISm Q . Pe D‘Q, . D . T>S:=P^^‘8 
Dem. 

h . *254-14 . D h ; Hp . D . D'P* « . 

[*254-11] 0.(r>S)P,^S. 

[*254-22.*251-l 11] ^.T>S = P^^‘S ; D I- . Prop 

*264-243. \-:Qen.S€D‘Q,.TeP smor S . 8'Q,S .T^S' P,^‘8' 

Dem. 

h . *213-245 . *253-18 . D h : Hp . D . -Sefi . S' e D‘S, . 

[*254-242] ’ D . PJS' = P 3 „‘S ' : D t- . Prop 

*264 244. \--.P,Qen.8€ D‘Q, n a‘P,„ . Te (P,„‘S) slSor 8 . 8'Q,8 . D . 

T’S = p*„‘s . r;s' = Pe„‘S'. (pjso p* (2’;s) 


Dem. 

V . *254-243 . D h : Hp . P = P,„‘S . D . PJS' = P,„‘S' (\) 

h. *254-11. Dh:Hp(l).D.PeD‘Ps. (2) 

[*254-142] :>.R,^(IP,^ (3) 

I- . (1) . (3) . *254-22 . D t- : Hp (1) . D . T>8' = P,„‘S' (4) 

I-. *151-11. Dh:Hp(l).D.P = p;S. (5) 

[(2)] D.r;SeD‘Pj (6) 

l-.(l).(5).*254-ll. Dt-:Hp(l).D.P}S'eD‘(P5S) (7) 

h . (6).(7).*213-244 . D H : Hp (1) . D . {T>8') P, (PJS) (8) 
h.(5). DI-:Hp.D.P5S = P,^‘S (9) 

»■ . (9) . (4) . (8) . D I- . Prop 

*264-246. H : P, Q e 11 . S e D‘Qs n a‘P,„ . S'Q,S . D . (P™‘S') A (P.„‘S) 
Dem. 

I- .*254-22-11 . D I- ; Hp . D . (P,„‘S)8morS (1) 

I-. (1). *264-244. DI-. Prop 
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*264-26. \-:.P,Qea.8,S'€T>‘Q,n a‘P.„ .0: 8’ Q, 8. = . (P^‘S') P, (P.„‘S) 
Dem. 

I- . *254-245 . D I- Hp . D : 8'Q,8. D . (P,^‘8') P, (P.„‘-S) (1) 

P,„‘S,P.„‘S',P,Q 
8, S',' Q,P'^ 

I- Hp . D : (P,„‘S') P, (P,JS ) . D . {Q,r.‘P^‘S') Q, (Q,„‘P.„‘S) . 
[*254-224] -^.S'Q.S (2) 

h . (1) . (2) . D h . Prop 

*264-26. h : P, Q € ft . D . Qs C (D'Q, n a‘P.„) = Q,J(P, t D‘P,) 

Dem. 

V . *254-25 . D h :: Hp . D -S' {QsD (D‘Qs « Q'P.^)} -S . = : 

.S, -S' € D‘Q. n a‘P,™ . {P,^‘8'\P, (P,^‘S ) ; 

[*254-22] =: 8, S’ € D‘Q , : (gP, R ). RP,r^S . P'P^-S' . R'P,R ; 
[*254-223] = : (gP, P') . 8Q,^R . S'Q,,^R'. R,R'e D‘P, . P'P.P : 
[*150-11] = : -S' {Q,J(P, D D‘P,)} S :: D h . Prop 

*264-261. h : P. Q € ft . D‘Q, C a‘P,„. . D . D‘Q, = Q,J(P, t D'P.) 
[*254-26] 

*264-27. h : P, Q € ft . D‘P, C a‘Q,„ . C Q'P^ . D . 

Q,m r t D‘^.) « (Q. D r>‘Qs) sSiot (P. p D‘P,) 

Dem. 

h . *254-222 . D h : Hp . D . r C‘{P, I D‘P,) e 1 -► 1 (1) 

h. *37-41. DI-:Hp.D.P‘(P.t:D‘P,)Ca‘Q.„ (2) 

I- . (1) . (2) . *254-261 , *151-22 . D J- . Prop 

In virtue of the above proposition, we have, when its hypothesis is 
realized, 

(Qs I H'Qi) smor (Pt I D‘Pt), 

whence, by *253 25, Q smor P. 

This proposition is the converse of *254-141. 

In the above proposition we take Q,^ f" C‘(Ps ^ D‘Ps) as the correlator, 
rather than [ D‘Pt, so as not to have to make an exception for the case 
when P e 2,.. For if P e 2r, D‘Ps e 1, but Ps ^ D‘Ps = A. Thus D‘Ps is 
not a correlator in this case. 

The following propositions, down to the end of the present number, are 
important, and give the foundations of the theory of inequality between well- 
ordered series and between ordinals. 
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SERIES 


[part V 


*284-31. h ; P, Q e II . D‘Pt C . D'Qs C . D . P smor Q 
Dem. 

V . *254-27 . D h Hp . D : (P, t D‘P,) amor (Q, I D‘Qs) : 

[*253-25] D : a ! P . a ! Q . D . P smor Q (1) 

I- .*254-144 . D I- : Hp . P = A . 3 . D‘Q, = A . 

[*213-302] D.Q = A. 

[*153-101] D.Psmor(^ (2) 

Similarly !- ; Hp . Q = A . D . P smor Q (3) 

h . (1) . (2) . (3) . D I- . Prop 

*264-311. h P, Q e n . D : D‘P, C . D'Q, C a‘P,„. . h . P smor Q 
[*254-31-141] 

*264-32. h : P, Q € n . D'P* C . S e D‘Qs - a‘P„„ . D . D‘Ps C a‘S„„ 
Dem. 

I-. *254-24. 3l-:Hp.P,/Sf'eD‘Qs./S'eP.P€a‘P„„.3.ySf'ea‘P„„ (1) 

I- . (1) . Transp . D h : Hp . R e D‘Qs a Q'Pg,,, . D . ~ (S G P) . 

[*213 21] D.PQgS. 

[*254-22-11. *213-245] 3 . (Pg„‘P) smor R. Re D‘S, . 

[*254-12] 3.(Pg„‘P)ea‘Sg.„ (2) 

h . (2) . *37-61 . 3 1- ; Hp . 3 . Pg„“(D‘Qs a Q'P,^) C a‘Sg„, . 

[*254-164] 3 . D'P, C : 3 I- . Prop 

*254-321. I- : P.^ell . D‘P, C . -S=min (Q,)‘(D‘Qs - a‘R,J . 3 .SsmorP 
Dem. 

h.*205-14.3l-;Hp.3.^j‘SCa‘Pg„, . t 

[*213-246] 3 . D‘^s C a‘Pg,„ (1) 

1- ..*254-32 . 3 h : Hp . 3 . D‘P, C Q'-Sg,., (2) 

I- . (1) . (2) . *254-31 . 3 h . Prop 

*264-33. h : P, () s n . D‘P, C a‘Qg.„ . a ! - a‘Pg,„ . 3 . P e a‘Q,„ 

Dem. 

I- . *253-24 . 3 1- : Hp . 3 . E ! min (Q0‘(D‘Q* - • 

[*254-321] 3 . (a-S’) . S e D'Q, . S smor P . 

[*25411] 3 . PeQ‘Qg„ : 3 I- . Prop 

*264-34. I- ; P, Q € n . P ~ € a‘Qg,„ . D‘Ps C a‘Qg„ . 3 . P smor Q 
Dem. 

I- . *254-33 . Transp .31-: Hp . 3 . I>‘Q, C Q'Pgm* D‘Pt C CI‘Qg,„ . 
[*254-31] 3.PsmorQ:3h.Prop 
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*264-36. h : P, Q 6 a . a ! - a^P«^ .D.Pe 

Dem. 

h . 91^253*24 . D h : Hp . D . E ! min "" • 

[9^2051 4] D . (a>S0 . S € D^Qs - Q^P,, . 'Qs‘S c a^p«„, . 

[*213-24(;] D . (a^O • ^ C a‘P,„, . 

[9|^254%34] D . (a-S) . S 6 \yQ, . S smor P . 

[91^254*11] D . P e CL^Qgnj : D h . Prop 

9ie264*36. h : P, Q 6 n . a ! ^ Q^P,,., . D . C^P, C [9(t254-35143] 


^264-37. h :. P, Q € n . D : P smor Q.v.Pe a‘Q«,„ . v . Q e a^P«,„ 

Dent. 

h . 9^254-31 . D h : Hp . D^P, C . lyQs C Q^P.^ . D . Psmor Q (1) 
h . 9(^254-35 . D h : Hp . a ! - Q^P^^ .D.Pe (2) 

h . 9it254 ;3.> . D h : Hp . a ! D‘P, - . D . Q e a^P,„, (3) 

h . (1) . (2) . ( 3 ) . D h . Prop 

This proposition is the most important on the relations of two well- 
ordered series to each other’s segments. It shows that of every two 
well-ordered series which are not similar, one must be similar to a segment 
of the other. 


9|t264*4. h P,Q€ n . 3 : P lessQ . v .Psmor Q . v . Qless P 
Dem» 

h . 91^254 2 . 3 h : Hp . P 6 Q^Qsm • ^ • P less Q (1) 

h.9K254-2. 3 h:Hp.Q€a^P«„,.3. (?lessP (2) 

h . 91^254*37 . 3 h : Hp . P - 6 • Q -- e a^P,„, . 3 . P smor Q (3) 

h.(l).(2).(3). 3h.Prop 

91(264*401. h P, Q € Q . 3 : less^P = less^Q . = . P smor Q 
Dem, 

h . 9 k 254*1 . 31": Hp . less^P = less^Q . 3 - (P less Q) •^(Q less P) • 
[9 k 254*4] 3.PsmorQ (1) 

f- . 9 k2o 4*13 . 3 h : Hp . P smor Q . 3 . less^P = less^Q (2) 

h . (1) . (2) . 3 h - Prop 


9k254‘41. h : P less Q . = 
Dem, 

h - 9k 254*2 . 
h . 9K254181 . 
h . 9 k253*421 . 
[9K25411] 

h.(2).(3).9K254*4. 

t-.(l).(4). 

[#2541] 


. p,Q€ a . p €a%^. = .Qea . p ea‘Q,^ 

• h : Q € n . P e C[‘Qgm . D . P less Q (1) 

H-:Qea‘P,„.D.~(PlessQ) (2) 

► I- : Q e II . B € D‘Qt . P smor B . D . ~ (P smor Q ) : 

► h:Qen.Pea‘P,„.3.~(PsmorQ) (3) 

>l-:Q6n.Pea‘P.„.D.Ples8Q (4) 

) I- : P less Q . = . Q e ft . P € (I‘Q*ni • 

= . P, Qe ft . Pea‘Q,„ ; D h.. Prop 
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[part V 

4^254-42. 

h . less G J . less® G less 


Dem, 

h. *254-1 . D 1- :PlessQ. D (PsmorQ). 

[*151-13] 3-P + Q 

(1) 


h . *254163 . D 1- : P € . S e a‘P,„ . D . -S e : 

[*254-41] D 1- : P less Q . S less P . D . >S less Q 

h . (1) . (2) . D 1- . Prop 

(2) 

The relation “ less ” fails to generate a series, because it is not connected, 
two similar well-ordered series being neither greater nor less than each other. 
On the other hand, the relation Nr^less is serial, since two similar well- 
ordered series both contribute the same term to the field of NrHess, and 
therefore connection does not fail. The relation Nrlless will be dealt wdth in 

the next number. 


«254'43. 

h : Q € ft — i^A . D . A less Q [*254*1 . *250 4 . *152*11] 


«264431. 

h . O^less = ft — t^A . C^less C ft 


Dem. 

h . *254*43 . D h : Q e ft — t^A . D . A less Q 

(1) 


h • *254*1 . *25*1 3. Dh:Q = A.D.Q<^€ Q^less 

(2) 


h . *254*1 . D h . OMess C ft 

(3) 


1“ . (3) . (2) . Transp - D h . Q^less C ft — t^A 

(4) 


h . (1) - (4) . D h . Q^less = ft — t^A 

h . (3) . (5) - D h . Prop 

(5) 


In order to obtain (7^1ess = n, we need, as appears from (1) in the above 
proof, g ! fl — e^A. In virtue of *251*7, this requires g ! 2. By *101*42*43, 
this holds if less ” has its field defined as belonging to a class-type or a 
relation-type. If, however, “ less has its field defined as composed of 
individuals, the primitive propositions assumed in the present work do not 
enable us to prove g ! 2, nor therefore to prove g ! less. 

It should be observed that ‘‘less,’' like “sm" and “smor,” is significant when 
it is not homogeneous ; but “C^less ” is only significant for homogeneous typical 
determinations of “ less," because only homogeneous relations have fields. 

*254*432. h : g ! 2a . = - g ! less a f . = . g 1 11 — a toffa 
Dem. 

h . *251*7 .Dh:g!2a. = .g!fl - i^A a . (1) 

[*254*43] = . (gQ) . Q e fl — I'A a ^oo^a . A less Q . 

[*55*37] D . (gQ) . A less Q . A 4 Q G | • 

[*66*3] 3 • a 1 less a t tja (2) 
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h .*35-103 . D I- ; a ! less A I <o<,‘o . D . (gP, Q) • Pless Q . P,Qet„‘a . 
[#264-431] D . a I n - i‘A A <oo‘a . 

[(1)] D.a«2. (3) 

h.(l).(2).(3).Dh.Prop 

#254'433. !■ . a ! less a <o„‘Cl8 f <oo‘Cls . a ! less a <o,‘Rel ^ fo„‘Rel 
[*254-432 . #101-42-43] 


#264-434. !■ : a 1 I®S8 . = . CMess = Q . = . PMess = A 
Devi. 

I- . #250-4 . #33 24 . D h : (/‘less = fl . D . a 1 less (1) 

h . #93102 . #33 24 . D h ; fi‘less = A . D . a 1 less (2) 

h. #254-43. DhiQeft-t'A.D. AlessQ (3) 

t- . (3) . D h : a ! H — t‘A . D . A f D‘less . 

[*254-431] D.A = P‘les8 (4) 

h. (4). #254-43 1 . D h ; a ! « - t‘A . D . C7‘le8s= ft (5) 

l-.(l).(2).(4).(5).DI-.Prop 


# 254 - 44 . h : P 6 (/-'less . D . (7‘Ies.s = less‘P u Nr‘P w less‘P 
Devi. 

I-. #254-13. Dh:Hp.D.Nr‘PCC‘ies3 (1) 

1- . (1) . #33-152 . 3 h : Hp . D . 1^‘P u Nr‘P u less‘P C (7‘less (21 

1-. #254-1. DI-.(7‘lessCn. 

[# 254 - 4 ] 3 I- ;. P € (7‘less . 3 : Q e C'‘less . 3 . Q e less‘P w Nr‘P w les8‘P (3) 

1- . (2) . (3) .31-. Prop 

# 264 - 46 . h : P, Q e n . a ! R1‘P o Nr‘Q . a ! R1‘Q a Nr‘P . 3 . P smor Q 
Dem. 

I- . # 254 - 42 . 3 1- : P less Q . 3 . (Q less P) (1) 

h . # 254 - 1 . 3 1- : P, Q € 11 . a 1 R1‘Q A Nr‘P . ~ (P smor Q) . 3 . P less Q . 
[(!)] 3.~(Qle8sP). 

[#254-1 .Transp] 3 . ~ a 1 RPP o N r‘Q (2) 

I- . (2) . Transp .31-. Prop 

This proposition is the analogue, for ordinals, of the SchrOder-Bernstein 
theorem. 
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*264-46. f- : P less Q . = . P, Q e fl . a ! R1‘Q a Nr‘P . ~ a ! R1‘P a Nr‘Q 

Bern. 

h. *152-11 .*61-34. D 

I- : P, n . a ! R1‘Q a Nr‘P . ~a ! K1‘P a . 

P, Q e 11 . 3 ! RI‘Q A Nr‘P. ~ (P snior Q ) . 
[*2541] D.PIesM(^ (1) 

h . *254-1-45 . Transp . D 

V : P less Q . D . P, Q e fl . a ! Rl‘Q « Nr‘P . ~ a ! Rl'-P « Nr'Q (2) 

I- . (1) . (2) . D I- . Prop 

*264-47. h;Pen.D.P5 = less^C'‘P, 

Bern. 

h . *213-245 . D h :. Hp . 3 : RP,Q . = . P e D'Q, . Q e C‘Pt . 

[*254-121] 3.Pea‘Q,„,. 

[*2.54-41] D.PlessQ (1) 

1- . *254-181 . Transp . 3 h : Hp . Q. P e C‘P , . P less Q . 3 . Q ~ e a‘P,„ . 
[*254-121] 3.Q~eD‘Ps (2) 

I- . (2) . *213-25 . *254-42 . 3 I- : Hp . Q, P e C'Ps . P less Q . 3 . P e D‘Q, . 
[*213-245] 3 . PP*Q (3) 

1- . (1) . (3) . 3 I- . Prop 

*264-6. h:.P,Qen.3: 

Rl‘i^ A Nr‘Q = A . = . a ! R1‘Q a Nr‘P . ~ (P smor Q). = .P less Q 


Bern. 

!•. *254-46. 3 1- : Hp . R1‘P A Nr‘Q = A . 3 . ~(Qless P) (1) 

!■ . *61-34 . *15211 . 3 h : P smor Q ,D ,Pe R1‘P a Nr‘Q (2)' 

I- . (2) . Transp . 3 I- : R1‘P a Nr‘Q = A . 3 . ~(Psmor Q) (3) 

h . (1) . (3) . *254-4 . 3 1- : Hp . R1‘P a Nr‘Q = A . 3 . P less Q (4) 

I-. *254-46 . 3l-:PlessQ.3 .Rl‘PANr‘Q = A (5) 


I- . (4) . (5) . 3 1- ; . Hp . 3 : R1‘P a Nr‘Q = A . = . P less Q . 

[*254-1] = • a ! R1‘Q A Nr‘P . ~ (P smor Q) 3 h . Prop 

*264-61. f-:PlessQ. = .P,Qen.Rl‘PA Nr‘Q= A [*2.54 51] 

*254*62. 1- : P e n . a C (7‘P . a 1 C‘P « p*P‘‘a . 3 . P ^ a less P , 

Bern. 

I-. *250-141. 31-:Hp. 3. PDaeH (1) 

!■ . *250*653 .31-; Hp . 3 . ~ (P ^ « smor P) (2) 

1- . (1) . (2) . *254*101 .31-. Prop 
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#264-63. h : P, Q e n . Q <• P . a ! 0‘P n p‘P“C‘Q . D . Q less P 
Devi. 

h . *250’652 . D h ; Hp . D . <'x (Q smor P) (1) 

h.(l). *254101.31-. Prop 

*264-54. I- : P, Q 6 ft . P smor Q . P G P . a ! « p‘%‘C‘R . 3 . Q less P 

[*254-5313] 

*254*56. h :.QIessP. = :P,Q eft :(aP).P smor Q.RQP . ’^\C‘Pr\p‘P^‘C‘R 
Dem. 

h . *254-41 . 3 h :. Q less P . 3 : P, Q e ft : (aP) • R smor Q. Re D'Pt : 

[*213-18] 3 : P, Q e ft ; (aP) . P smor Q . R Q P C‘P n p‘*P“C‘R (1) 

I- . (1) . *254*54 . 3 h . Prop 



^ 255 , GREATER AND LESS AMONG ORDINAL NUMBERS. 
Summary of 

If P and Q are well-ordered series, we say that Nr^P is less than Nt^Q if 
P,is less than Q. Thus if fi and v are ordinal numbers, we say that /x is less 
than V if there are well-ordered series P, Q, such that /x =* Nr^P and v = Nr^Q 
and P is less than Q. In order to exclude the case where, in the type 
concerned, we have Nr^P = A or Nr^Q = A, we assume /x’=Nor'P and 
i/=Nor'Q. Thus we put 

/X < 1 / . = . (gP, Q) • M = NoT^P . V — Nor^Q . P less Q, 

i.e. we put <5 = NorHess Df. 

In order to be able to speak of Nr^P (where the type of ‘*Nr*’ is left 
ambiguous) as grreater or less than Nr^(^, we put 

fjL <• Nr^P . = . fi<z Nor^P Df, 

Nr^P <i fi » Nor^P < /x Df. 

The treatment of types proceeds, mutatis mutandis, as in *117, to which, 
together with the prefatory statement in Vol. ii, the reader is referred for 
explanations. i 

In virtue of *254*46 and *117*1, there is a close analogy between cardinal 
and ordinal inequality. That is to say, most of the properties of cardinal 
inequality have exact analogues for ordinal inequality, and these analogues 
have analogous proofs. (In the present number, when a proposition is 
analogous to the proposition with the same decimal part in *117, and has 
an analogous proof, we shall omit the proof.) But ordinal inequality has a 
good many properties which have no analogues for cardinal inequality. The 
chief of these, upon which most of the rest depend, is 

*256*112. h:,/[x,i/eN,0.3 : /X <• 1 / . V . /X = smor^^i^ . v . r <• /x 

where ‘‘ NoO’’ stands for homogeneous ordinals,” i,e. NOn NoR. We have 
also, what is often important, 

*266*17. h : Nr^P> Nr^Q . = . Q less P . = . P, Q € D . Q e a^P 3 ^ . 

= . P, Q € fi . g ! D^Pf A Nr'Q 
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SO that 

^►266171. h P € 12 . D ; NPP . = . € Nr^^D^P, - t^A 

and mure generally, 

*266172. hs.Pefl.D? 

fx < Nr^P . = . (aa) . a C G^P . g ! C^P np^P^^a. p = Nr^P ^ a . a ! ft 

As in cardinals, /x is greater than v if (and only if) p is the sum of v and 

an ordinal other than zero, including i except when v = 0r (*255*33). But it 

is necessary to the truth of this proposition that the addendum should come 
after i/, not before it ; i.e. i/ + > i/ unless cr = 0^ (*255'32*321), but «r 4* is 

often equal to v. 

If a, y 8 , 7 are ordinals, and a •> yS, we shall have 
7 4- a 5> 7 + /8 (*255*561), 
aXy9>/8 if a^Or.fi^Or (*255*571), 
aX75>y8X7 if 7^=0^ (*255*58), 

7 X y 8 > 7 if 7 is of the form 8 4- 1 (*255*573), 

7 X a > 7 X y9 if 7 is of the form 8 4-.1 (*255*582). 

From the above propositions it follows that if a, y 8 , 7 are ordinals, 

74 . 01 = 74 .^. D.a = y9 

C*255*565, where B may be substituted for smor‘^/t^ whenever significance 
permits; cf. note to *120*51), which gives the uniqueness of subtraction 
from the end (subtraction from the beginning is not unique); 

aX 7 = y 8 X 7 .D.a = y3 unless 7 = 0 ,. (*255*59), 
which gives the uniqueness of division by an end-factor ; 

7 Xa = 7 XyS-D.o=:y 8 if 7=84-1 (*255*591), 
which gives the uniqueness of division by a beginning-factor of the form 

8 4-1. 

We do not have generally 

a, ; 8, 7 e N qO . a < / 8 . D . a exp ,.7 < yS exp,. 7 , 
because a exp,. 7 and Bexiprj are in general not ordinal numbers, since series 
having these numbers are in general not well-ordered. Thus the theory of 
oixlinal inequality has only a restricted application to exponentiation. This 
subject cannot be adequately dealt with until we have considered finite and 
infinite series. 

If a is an ordinal, is the corresponding cardinal, i,e. the cardinaf 

number of terms in a series whose ordinal number is a. Thus the cardinal 
numbers of classes which can be well-ordered are i.e, 

*266*7. h . Nc^^C^^n = 
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It is evident that 

a|e266 71. h : P less Q . D . Nc^O^P < Nc^O^Q 
whence, by ^^254*4, 

^266-73. b:.P,Q€«.D: 

Nc‘(7^P< Nc^O^Q . V . Nc^O^P = Nc^(7‘(? . v . Nc^C^P > Nc^C^Q 
whence also 

^1^266*74. h a,^e -t^A.D:a<i8.v.a>/8 

Thus if two classes can both be well-ordered, they either have the same 
cardinal, or the cardinal of one is less than that of the other. 

We have 

5ie266-76. b : P. Q e n . Nc^O^P < Nc^C^Q . D . P less Q 
or, what comes to the same thing, 

*266-76. b : a, € NO . < 0‘^/3 . D . a < /8 

The converse of this proposition only holds for finite ordinals. If a is an 
infinite ordinal, a -f i always exists and is greater than a, but C^\oi 4- 1). 

(The existence of «4- i is deduced from that of a by taking a member of a, 
and removing its first term to the end. The result is a series whose number 
is a 4- i, in virtue of *253*503*54.) 

*266*01. < = Noriless Df 
*266*02. > = Cnv‘< Df 
*26603. NoO = NOnNoR Df 

Thus ‘'NqO” means '‘homogeneous ordinals.” In virtue of *155*34*22, 
this is the same as "ordinals other than A.” It is not, however, strictly 
correct to put NqO = NO ~ t^A, because if the " NO '' on the right is deriyed 
from an ascending Nr, it will not contain all the ordinals in the type to which 
it takes us, but only those which are not too big to be derived from the lower 
type from which "Nr” starts. Thus in this case NoO will be a larger class 
than NO — t^A. If, however, the "Nr” from which the "NO” on the right 
is derived is homogeneous or descending, we shall have 

NoO = NO - t^A. 

*266*04. ^ = < o smore I NoO Df 

This definition leads to the usual meaning of " less than or equal co.” We 
want the relation “ less than or equal to ” to hold only between numbers of 
the sort in question (cardinal or ordinal), and we want " equal to ” to hold 
between two numbers which are merely different typical determinations of a 
given number, provided neither of these typical determinations is A. That 
is, if fM is an ordinal which is not A, smor^^/i is to be reckoned equal to fi in 
every type in which it is not A. Thus if = smor^^/i, i.e. if = smore we 
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shall reckon v equal to fi if both are ordinals and neither is A, i.e. in virtue of 
jkl55‘34'22, if /*, veNoO. This leads to the above definition. 

#26606. ^ = Cnv‘<- Df 

*266-06. M < Nr‘P . = ./*< N„r‘P Df 

On this definition, compare the remarks on *117-02. 

*266-07. Nr‘P < /u . = . N.r‘P < /a Df 

The following propositions (down to *25.5108) merely re-state the above 
definitions. 

*266*1. h : /A <S V . = . (gP, Q) . /a = Noi-'P . v = N|,r‘Q . P less Q 
*268-101. h : /A < Nr'Q . = . /a < N,r‘Q 
*266-102. I- : Nr‘P <v. = . Nor‘P < i/ 

*266*103. h:/a5>j'. = .i'<:/A 

*288-104. . = : .V . fi,v€ N,0 . /A = smor“j/ 

*288106. l-:./A^v. = :i/^/A: = :i><5/tA.v./A, i/e N^O . /a = smor“j/ 
[*255-104 . (*255-05) . *155*44] 

*266-106. h : Nr‘P < Nr‘Q . = . N.r'P < N„r‘Q [*255-101102] 

*266-107. I- ; Nr‘P Nr‘Q . = . N„r‘P N„r‘Q 

*286-108. I- Nr‘P ^ Nr‘Q . = : N,r‘P < N,r‘Q . v . Nr‘P = Nr‘Q . P e D 
[*255-107-104 . *155-16 . *152*53] 

*265*11. h : fA <5 v . = . (gP, Q) . P,Q e il . = Nor'P . v = Njr'^ . 

g ! R1‘Q r> Nr‘P . ~ g ! R1‘P a Ni-‘Q [*255*1 . *254*46] 

*256*111. I- : /A 5> I' . H . (gP, Q) • P, Q e D . /a = Nor‘P . v = N|,r‘Q . 

g ! Rl‘P A Nr‘Q . ~ g ! R1‘Q a Nr‘P [*255-11 103] 

This proposition is exactly analogous to *117*1, except for the addition 
P,Qeil. Hence except where this addition is relevant, the analogues of the 
propositions of *117 follow by analogous proofs. Such analogues will be 
given without proof in what follows, and will have the same decimal part 
as the corresponding propositions in *117. Where proofs are given, there 
are no analogues in *117, or else the method of proof is not analogous. 

*255*112. 1- /A, e NoO .D:/A<Si/.v.y(A = smor“i/ . v . i/ <• /a 
Dem. 

1- . *255-1 . *254-4 . D 1- Hp . D ; 

(i<tv .V .V <t fi.v . (gP, Q) . P,Q eSl . fi = N-r‘P . v = N„r‘Q . P smor Q : 
[*155-4.*152-321] 

D:/a<i'.v.i»</A.v. (gP, Q) . /a = NoPP . Nr‘P = Nr‘Q . Nr‘Q = smor“i; : 
[*155-16] 

D:/a<»/.v.v</a.v. (gP, Q) . /a = NoPP . N(,r‘P = Nr‘Q . Nr‘Q = smoP'j/ : 
[*13-17] D:/A<*».v.i;</A.v./a=: smor“i/ D I- . Prop 



62 SERIES [part V 

*266113. \-:.P,Qen.O: Nr‘P < Nr‘Q . v . Nr‘P = Nr‘Q . v . Nr‘Q < Nr‘P 
Dem. 

h . *255112106 . D h Hp . D : 

Nr‘P <• Nr‘Q . v . Nor'P = smoP'NoPQ . v . Nr‘Q <• Nr‘P : 
[*155-4-16] D ; Nr‘P < Nr‘Q . v . Nr‘P = Nr‘Q . v . Ni‘Q < Nr‘P D h . Prop 

*266'114. fi,ve N|,0 .0 : fi^v .v . v <i fj.: v .v .v^ fi 

[*255112104*105103] 

*266116. h P, Q e n . D : Nr‘P^ Nr‘Q .v. Nr‘Q < Nr‘P: 

Nr‘P^Nr‘Q.v.Nr‘Q >Nr‘P [*255113 108] 

*266'12. V , ^ : fi, p e NoO : 

Pffi.Qev. Dp,q . a ! R1‘P r. Nr‘Q . ~ a ! R1‘Q a Nr‘P 

*266‘121. \-:./i^p. = :fi,ve NqO : 

P e ^ . Dp . (aQ) . Q e . a ! Nr‘Q . ~ a ! Nr‘P 

*26613. h : Nr‘P > Nr‘Q . = . P, Q e il . a ! R1‘P ^ Nr'Q . ~ a ’• « Nr‘P 

*266131. h : Nr‘P > Nr‘Q . s . Nr‘P ^ Nr‘Q . Nr‘P + Nr‘Q 
[*25513 . *254'4o] 

*26614. !-;/*>»/. = . (aP. Q) . P, Q e ft . /i = N„r‘P . p = Not'Q . Nr‘P > Nr'Q 
*265141. h : /t •> V . = . ^ 1 / . /t =f= snior'V [*255131 14] 

*26615. v. = . /JL, k eNoO. a? s‘Rl“A‘Asnior“i/ . ~a^ 

*26616. h:./i,peN,O.D; 

/u. i> p . = . snfior“/<. 5> p . = . /i •> smor“p . = . smor*‘/* 5> smor^'p 
*26617. f-:Nr‘P>Nr‘Q. = .QlessP. = .P,e6ft.eea‘P,„. ^ 

= .P,Qeft.a!D‘PsANr‘Q 

Dem. 

h . *255 13 . *254-46 . D I- : Nr‘P > Nr‘Q . = .Q less P . (1) 

[*254-41] =.P,Qen.Qe a‘P,„ . (2) 

[*254-1 2] = . P, Q e ft . a ! D‘P$ A Nr‘Q (3) 

I- , (1) . (2) . (3) . D h . Prop 

*266171. 1- P 6 ft . D : /* < Nr‘P .-.fie Nr“D‘Ps - i‘A 
Dem. 

1- . *255-14 . D h Hp . D ; ^ < Nr‘P . = . (aQ) . fi = N„r‘Q . Ni-‘Q < Nr‘P . 
[*255-17] H . (aQ) . fi = Nor‘Q . Q e ft . a ! D‘Ps a Nr‘Q . 

[*152-1] = . (aQ, R).fi = N,r‘Q .Qeil.Q stnor R.Re D‘P, . 

[*152'35.*155 16] = . (a-K) •/*= Nr‘P .Reft . ReD'Ps . a ^ ■ 

[*25318.*37 6] = . /* e Nr“D‘P, - t‘A D h . Prop 
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*256172. l-:.Pen.D: 

< Nr‘P . = . (a«) . aC C'P . a ! (7*P n ./* = Nr‘Ppa . a ! 

Dem. 

H. ♦211-703. *213141. D 

l-:QeD‘P,.D.(a«).aCC'‘P.aJCf‘-P«l>‘^“«-<2=PD« (1) 

h.(l). *2.55171.3 H:Hp.M<Nr‘P.D. 

(a«) • a C C‘P . a ! C*F f\p‘P“u . (1 — Nr‘Pp a . a ! (2) 

h. *250-653. *254-47. 3 

h : Hp.aC G'P.a ! C“P rtp*P“a. 3 . P^ alessP . 

[*255-17] 3.Nr‘P^a<Nr‘P (3) 

h.(2).(3).3h.Prop 
*266-173. h:.P€n.3: 

Nr‘Q < Nr‘P . = . (a«) . a C C‘P . a '• r\p*P*‘a. . Q smor (P^ a) 

Dem. 

I- . *255172-102 . *155-22 . 3 

h;.Hp.3;Nr‘Q< Ni-‘P. = .(aa).aC O'P. 3! C‘Pf^ |)‘P“a. Nor‘Q=Nr‘PC a . 
[*152-35.*155-22] = . (aa) . a C (7‘P . 3 ! C^'P ft p‘P^tt . Q smor (P p a) : 3 I- . Prop 

*266-174. h ; Nr‘Q < Nr‘P . = . P « 11 . Nr‘Q e Nr“D‘Ps 
Dem. 

h. *255-171-102-13. 3 

J- :. Ni»Q < Nr‘P . = ! P e 11 . Nof'Q e Nr“D‘Ps - t‘A : 

[*37-6.*155-22] = : P e 11 : (aP) ■ R e D‘P, . N„r‘Q = : 

[*156-16] = : P e 11 : (aP) . P 6 D‘Ps . Nr‘Q = Nr‘P : 

[*37-6] = : P 6 n . Nr‘Q e Nr“D‘P, :. 3 1- . Prop 

*266-176. l-:Nr‘Q^Nr‘P.=.Pen.Nr‘Q€Nr“(D‘P,v;t‘P) [*255174108] 
*266-176. I- ;. a ! P . 3 ; Nr‘Q ^ Nr‘P . = . P e H . Nr‘Q e Nr'C'P* 

[*213-158 . *255-175] 

*266-21. h : Nr‘P< Nr‘Q .= . P. Q e fl.Rl‘PftNr‘Q =A [*254 51 . *25517] 

This proposition has no analogue in cardinals, because it depends upon 
*254-4. In cardinals, if Cl‘a ft N c‘P = A, it does not follow that 3 ! Cl‘y3 ft Nc‘a, 
so that Nc‘a may be neither less than, nor equal to, nor greater than Nc'yS. 

*266-211. h:.P,Qell.3:al Rl‘P« Nr‘Q . a ! R1‘Q « Nr‘P. = . Nr‘P= Nr‘Q 
[*254-45] 

This proposition is the ordinal analogue of the Schroder-Bernstein theorem. 
If P and Q are series which may be not well-ordered, the proposition fails. 
Thus e.g. the series of rationals is like the series of proper fractions, which is 
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a part of the series of rationals > 0 and 1, and this latter series is part of 
the series of rationals, but is not similar to the series of rationals, since it has 
a last term, which the series of rationals has not. 

^266*22. h : P, Q € n . a ! Rl^P n Nr^Q . = . Nr^P ^ Nr^Q 

^266-221. h Nr^P ^ Nr^Q . = : P, Q e n : (aP) .RQP.R smor Q 

*266-222. l-:QGP.P,g€fl.D. Nr^P Nr^Q 

*266-23. h : Nr‘P ^ Nr^Q . Nr^Q ^ Nr^P . = . P, Q e H . Nr^P = Nr^Q 

*266-24. h : ^ i; . = . (aP, Q) ■ = N^r^P . i/ = Nor^Q . Nr^P Nr‘Q 

*266 241. h : 1/ . B . (aP, Q) . /x = Nor‘P . ,/ ^ . P, Qe H . a 1 Rl'P Nr^Q 

*266^242. h /i, z/eNO . D : i/ . = . (aP, Q) . Pe/x . Qe z/ . a ! Rl^P n Nr^Q 

*266-243. jjL^ V . ~ : 

(aP, Q) : P, Q € n . /X = Nor‘P . v = Nnr^Q : (aP) . P G P . P smor Q 
*266-244. h /X, i; € NoO . 3 : 

/X ^ z/ . = . snior^^/x ^ z/ - = . /lx ^ smor^^z/ . b . smor^^/x ^ smor^‘i/ 
*266-26. h:/x^z/-z^^/x. = ./x, z^e NoO . smoP^/i = smor^^z/ 

*266-27. h :'Nr‘P < NPQ .•= . Nr^P ^ Nr^Q . Nr^P + Nr^Q 

*266-28. h : Ni ‘P > NPQ . = . Nr^P ^ Nr^Q . (Nr‘Q ^ Nr^P) . 

B . P, Q 6 ft . (Nr^Q^ Nr^P) [*255-13-22-21] 

*266-281. l“:/x$>z/.B./x^z/.<^(z/^/x).= ./x, i/eNoO ,<^( 1 /^/ 1 ) [*255-114] 
*266-29. h : Xr^P < NPQ . b . Nr^P ^ Nr^Q . o. (Nr^Q ^ Nr^P) . 

B . P, Q € ft . - (Nr^Q ^ Nr^P) [*255 115] 

*266-291. h : /x< z/.b./x ^ z/ . ^ (z/ ^ /x).b . /x, z/ € NqO. ( 1 / ^ /x) [*255-114] 

In the following proposition, w^e employ an abbreviation w'hich is justified 
by its convenience, namely we put 

(a^) - tsT € NO V . Nr*P = Nr^Q 4- tzr 

instead of 

(a^) . e NO . Nr‘P = Nr^Q 4- isr . v . Nr^P = Nr^Q + 1. 

In virtue of *51-239, these two expressions would be equivalent if I had any 
independent meaning; but as i is only significant as an addendum, *51-239 
cannot be applied. We will, however, adopt the following definitions: 

*266-298. (atsrj.w'e/c ut‘i./(/x 4- ®)- = :(a^)-^^^-/(/x + 4- 1) Df 

*266*299. 'BT € /c u + 'gt) , — i'ut e fc , -/(/x 4- tsr) : f(fi 4- 1) Df 

These definitions enable us to state many propositions, in which 1 occurs, 
as though i were an ordinal number. 
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*266-3. h : . Nr^P^ Nr^Q . = : P, Q e ft : (gtsr) . tsr e NO u . Nr^P = Nr^Q + tsr 

Dem, 

h. *255-175. *253-471. D 

h :. Nr^Q . = : Pe O : (g®-) . Nr^Q + «r= Nr'P . v . Nr‘Q + 1 = Nr^P ; 

[*251-132-26] = : P e O : (gtsr) . Nr^Q, tsr e NO . Nr^Q + «r = Nr^P . v . 

Nr^Q6NO.Nr^Qil = NPP: 

[*251-1-111] = : P, Q e n : (gisr) . tsr e NO . Nr^Q + tsr = Nr^P . v . 

Nr^Qii = Nr^P: 

[(*255-298)] = : P, Q eO : (g®) . tar e NO u . Nr^P = Nr^Q + tar ;.D h . Prop 


*255*31. h :. /Lfc^ i; . = : z; eNoO : (gtsr). «r e NO u . /i = zz + 'cr 


[*255*3*14] 



*265*32. h :. z/, tsr e NqO . D : 

I^-j-tST^Z/. — .-CT^Or 


Pcm. 



h . *253 44 . 

D h : Hp .'0x4= Or. D.z/ + i4=i' 

(1) 

h . *255*31 . 

D h : Hp . D . z/ 4- ta* ^ z; 

(2) 

h . (1) . (2) . *255*141 . 

,DI-:Hp.t!r4=0r. D.i'4-tzr>*z' 

(3) 

h . *255*141 . 

3 h : Hp .z;4-tar5>i/.D.z;4“'cr4' smov^‘v . 



[*180*6] D . tar =1= Or (4) 

l-.(3).(4).DI-.Prop 


*266-321. h V € NqO .D:i/=|=0r-^-i'4-i z> v 
Dem, 

h . *253*45 . D h : Hp . Or • 3 • I'-i- 1 4" ^ (1) 

f- . *255*31 . D h : Hp . D . z/ + i ^ i; (2) 

h . (1) . (2) . *255*141 . D h : Hp . z/ 4= 0^ - 3 . i' 4- 1 5 > (3) 

h . *255*141 . D h : Hp .iz + l ^i^-D-i'4‘i4^ smor^^i/ . 

[*161*2] 3.1^4= Or (4) 

h.(3).(4).3h.Prop 

*255*33. h : . /Lfc •> i; . = : 

flyV € NqO : (gtsr) . ta- 6 NO — l*0r .//-=Z/ + ‘Or.V. Z'4=0r-/i = I'+i 

Dem. 

V . *255*31 . D 

V V i fJbyV e NoO:(gOT).«r 6 NO./a = i/4-tar./i5> i;.V./i = i/ + l-/^>i'2 

[*25532-321] 

= : /Lt, j; € NqO : (gta*) . -or e NO — t^O,. ./tA==v4-t!r.V.i^=fOr./i = ^'4-l h.Prop 


R. & W. III. 
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^255*4. 

^266*41. hr/A^i/.i/^'or.D./Lt^'or 
^265*42. h - (/1 5> /a) . ^ (/A <5 //<) 

91(265*43. 

91(256*431. V i fx^v € NqO . (/t ^ w) . D . 'ey •> z/ [9k255*43*114] 

9k 255*44. h : ^ or . oo (yLi ^ «j) . D - ^ (/I ^ z;) 

9t(255*441. f- : p ^ «r . /i, e NqO . ^ (fx^ vt) , D , v >> /x [9k255*44*114] 

9k265’45. z /x^ V . V i> 'gt , D , /X t> 

91(265*46. h:/iS>z^.z/^'Cj.D.yLi>*'CT 
91(255*47. V l ix>> V , v'^ ZT n fx>> rff 
9k255*471. Vifx^VmV<izTm’^mfx^m 
9k255*482. V i fx^ V n fx.v e NqO . ^ (z/ 5> /x) 

9k266*483. V i fx^v ^ jXyV e NqO •f^iy <i fx) 

91(255*6. h : /A € NqO . = . /a ^ 0^ 

Dem. 

h . 91(255*31 .3h:./i^0|.. = :/t6 NoO : (g'cr) . zr e NO u t^l , = Or + 'ey : 

[9k1 80*61] b: fx€ NqO :. D h . Prop 

9k 266*61. h : /i € NoO - t'O^ . = . m > 0^ [9K255141-5 . 9k153*15] 

9K266-62. h : P € ft - t^A . = . Nr^P ^ 2^ 

Dem. 

h . *250*13 . D h : P € ft - . D . E ! P^P . 

[*93-101] D . (ay) . {B‘P) Py.B‘P:^y. ' 

[*56-ll.*55-3] D . (ay) . (B‘P) ], y e 2, a R1‘P . 

[*13-195] D . a ! 2, A R1‘P . 

[*255-22] D.Nr‘P^2, (1) 

h . *255-22 . D I- : Nr‘P^ 2, . D . Pc n . a ! 2, a R1‘P . 

[*61-361] D.Pcl2-t‘A (2) 

h . (1) . (2) . 3 h . Prop 

*255-53. H : /* e NoO — 1‘0, . = . ^ 2, [*265-52] 

*255-54. i.2r^ fj, . = : /l = 0r ’V • fl = 2r 

Dem. 

h .*255-53 . Transp . *255'281 .0h:2r}>fi. = .iJ> — 0 
f-.(l). *255-105.31-. Prop 


(1) 
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^266*66. h : /4 •> 2,. . = . /i € NqO — — i*2r 

Dem. 

h . aK265-54 . Transp . *255*281 . D 

I- : /Lt 5> 2y . = . /A € NoO . /i ^ Or . /i. =1= 5 3 f" • Prop 

*266*66. h : E € fi . Nr'P > Nr'Q . D . Nr^P + Nr^P > Nr^P + Nr^Q 
Dem, 

1-. *255*3. Dh:.Hp.D:P, Q,Pe ft : (atsr) . isr eNO w pi . Nr^P* NPQ + tsr : 
[*180*56] 

D:P,Q,Pen:(aflT). or^NOu t^l . Nr^P-i-Nr^P = (Nr^P + NPQ)4-«r : 
[*255*31.*251*26] D : Nr^P + Nr^P > Nr^P + Nr^Q 3 h . Prop 

*266*661. h:7eNo0.a>^.D.7 + a>7+/3 [*255*56] 

*266*662. h : P € fl . Nr^P ^ Nr^Q . D • NPP + Nr^P ^ Nr^P + Nr^Q 
Dem. 

h . *180*3 . D h : Nr‘P = Nr^Q . D . Nr'P + Nr'P = Nr'P + Nr'Q (1) 

h.(i). *255*108*56.3 

h :. Hp . D : Nr^P 4- NPP > Nr^P 4- Nr^Q . v . Nr^P 4- Nr^P = Nr^P 4- Nr^Q : 
[*255*108] D : Nr^P 4- Nr^P ^ Nr^P4- Nr^Q :. 3 h . Prop 

*265*563. 1“ : 7 € NqO . . 3 . 74-a^74-)8 [*255*562] 

*266*664. h : P, Q, P e a . Nr^P 4- Nr^P = Nr^P + Nr^Q . 3 . Nr^P = Nr^Q 
Dem. 

h . *255*42 , 3 V : Hp , 3 . (Nr^P 4- Nr^P > Nr^P 4- Nr^Q) . 
[*255*56.Transp] 3 . ^ (Nr^P > Nr^Q) (1) 

Similarly ^ : Hp . 3 . (Nr^Q > Nr^P) (2) 

h . (1) . (2) . *255*113 . 3 h . Prop 

This proposition establishes the uniqueness of subtraction from the end. 
Owing to the fact that ordinal addition is not commutative, we have to 
distinguish “ subtraction from the end ” from “ subtraction from the 
beginning.” They may be called terminal and initial subtraction re- 
spectively. Thus by the above proposition, terminal subtraction among 
ordinals is unique. This does not hold in general for initial subtraction 
among ordinals. 

*266*566. h : a, )8 , 7 € NqO .74a=74-i8.3.a = smor^^^ [*255*564] 

The above proposition is still true if we put a = )8 instead of a = smor'^yS 
in the conclusion, but in that case it is only significant when a and yS are of 
the same type, whereas in the above form it is free from this limitation. 



68 SERIES [part V 

*256-67. h : P, <3 e n - i‘A . D . Q less (PxQ). Ni-‘Q < Nr‘P k Nr‘Q 
Dem. 

I-. *250-13. DI-:Hp.D.E!fi‘P. (1) 

[*165-251] D.QsmorQj|,(B‘P) (2) 

l-.(l). *166-1. Dh:Hp.D.(2j[(fi'P)ePx(2 (3) 

h . (1) . *93-101 . D h : Hp . D . (g^) . (P‘P) Px (4) 


1- . *166-1 13 . D I- : (B‘P) Px.Re G‘Q ^ {B‘P) .yeC‘Q.'^.R(PxQ)(yix) (5) 
h . (5) . (4) . *33-24 . *16612 . *113106 . 3 

I- Hp. 3 : (' 3 ^x,y):ReC*Q ( S‘P) .7>b. R(P xQ)(y I x) : y I x e C‘(PxQ) (6) 
h.(2).(.3).(6).3l-:Hp.3. 

Q (£‘P ) smor Q.Qi (B‘P) G P x $ . g ! C‘(P x Q) n p‘P^‘‘C‘Q i (P‘P) . 
[*254-54] 3 . Q less (PxQ) ’ (7) 

h. (7). *255-17.31-. Prop 

*266-671. l-:a,/9€N„O-t‘0,.3.)9<a:>;:/3 [*25557] 

*266-572. h : P. Q e n - t‘A . E ! P‘P . 3 . P less (PxQ). Nr‘P < Nr‘P k Nr‘Q 


Dem. 







I-. *250-13. 


3 

l-:Hp. 

3 . E ! P‘Q . 


(1) 

[*166-111] 




3.(P‘Q)4;PePxQ 


(2) 

1-. *151-64. 

(1) 

.3 

1- : Hp . 

3 . (P‘Q) 4 ’ P smor P 


( 3 ) 

h. *202-5 11 

.3 

h :. 

Hp.3: 

iP'PeyP^D'P: 


'(4) 

[*166-111] 


3: 

iceD'P 

.yea‘Q.3.{(P‘Q)4a; 
. ^ 

j(PxQ){y4(P‘P)j 

h. *202-511 

.3 

H:. 

Hp.3: 

£‘Qcp‘Q“a‘Q: 



[*166-111] 


3: 

a: = 5‘P 

'.ye<l‘Q.-^.\{B‘Q)ix 

}(^’xQ){y4(P‘P)} 

( 5 ) 


1- . (4) . (5) . 3 I- :. Hp . 3 ; *6 C'P . y e a‘Q . 3 . {(P‘Q) J, a;} (PxQ) \y J, (5‘P)} : 
[*150-22] 3 : ilf e (7‘(P‘Q) 4 JP . y e Q'Q . 3 . if (P x Q) {y | (P‘P)} : 

[Hp.*33-24.*166-lll] 

3:(gi0: >€ C\P x Q):MeC\B‘Q)i>P. 33^. if (Px Q ) N (6) 
h . (2) . (3) . (6) . *254-54 . 3 1- : Hp . 3 . P less (P x Q) (7) 

H. (7). *255-17. 3 h. Prop 

*266-673. I- :. a,)8e N.O - PO, : (g7) .76NO-i‘(),wt‘l.a = 7 + i;3.a<a^(/3 

Dem. 

V . *204-483 . 3 1- : Hp . 3 . (gP, Q) . a = N^r'P . = N,r‘Q . g ! P^P (1) 
l-.(l).*265-672.31-.Prop 
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* 266 ‘ 68 . h : 7 e NoO - 1 * 0 ^ .a>) 3 .D.o>C 7 >/S>C 7 
Dem. 

I- . *255-31 . D 

h Hp . D : (a«r) . vr e NO — t‘0, .a = y3 + «’.v.y9=t=0,.a = /3+i (1) 

H. *184-35. D I- : a = /S + w . D . af>C 7 = (/9>C7) 4- (w >C 7 ) (2) 

h. *184-16. D h ; Hp . «■ 4= Or . D . «■ X7=f Or (3) 

h.(2).(3).*255-32.Dh: Hp.'sr€NO-i‘0,..a = /9 + w.D.a>^7>/3:i:7 (4) 
h . *184-41 . D h ; Hp .a = /3-i-l . '^.ct'ky = (^'k.y) + y- 

[*255-32] D.a^7>/8^7 (5) 

h . (1) . (4) . (5) . D h . Prop 


*266-681. h:Pefi.E!5‘P.Qlessii.D. 

FxQ less PxR. Ni ‘P ^ Nr'Q < Nr‘P X Nr‘P 

Dem, 

h . *254-55 . D h : Hp . D . (gS) . Ssmor Q . S G P . g ! C‘P n p‘R‘‘C<S (1) 

h. *166-11. Dhr^TGP.D.PxSGPxP (2) 

I" . *166-23 .Oh :S smor Q .0 . P x 8 smor P xQ (3) 

h . *202-524 . *40-53 .Oh -..Up . z e C‘P .w e C‘S .y eC^Rn p‘R“C‘S . 0 ; 

zP (B‘P) .V .z — B‘P : wRy : 


[*166-113] D:(w4,2r)(PxP){y4,(P‘P)J (4) 

h . (4) . *166-111 . D !■ :. Hp . y e C‘R f\p*R“C‘8 . 0 : 

M € C\P xS).Ou.M{PxR)\yi (P‘P)} (5) 

I- . (5) . *10-28 . D H ;. Hp . g ! (7‘P A p^“C‘8 . 0 ; 

(gN) : Ne G‘{P xR):Me C\P x8).Om. M{P xR)N (6) 
h . (2) . (3) . (6) . D I- ;. Hp . Nstnor Q . P G P . g 1 C‘P a p‘R“G‘S . 0 : 

(P X 8) 8mor(P x(2).PxSGPxP.g! G\P x R)f^p*P x R“G‘(P x 8 ) : 
[* 254 - 54 ] 0 . P xQ less PxR (7) 

h.(l).(7).DI-:Hp.D.PxQlessPxP (8) 

1- . (8) . *255-17 . D I- . Prop 


*266-682. I- ;. a e NoO : (g8) . S e NO — 4*0, wt‘l.a = 3-i-i:)8<7:D. 

ox/3<a>C7 [*255-581. *204-483] 


*266-69. 1- ; o, /9 , 7 € N„0 .74'0r.o>C7 = y3^C7.D.« = smor‘*^ 
Dem. 


h . *255-58 . Transp . D H : Hp . D . ~ (a >■ /9) . ~ (a •< /3) . 
[* 255 - 11 2] D . a = smor“^ : D H . Prop 
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This proposition establishes the uniqueness of terminal division, i.e, 
division by an end-factor. Initial division {ie. division by a beginning- 
factor) is only unique if the divisor is of the form S-fi. 

#265-691. h a, /3, 7 e NoO ; (gS) . 8 e NO - 1‘0^ w t‘i . a = S + 1 : 

a>Ci8 = a>C7:D,/9 = 8mor“7 [*255'682112] 

»265-6. I- ; Nr‘P > Nr‘Q . D . 1 + Nr‘P > 1 + Nr‘Q 
Dem. 

h .*265'33 . D I- !. Hp . D :(a«r) . weNO — i‘0r . Nr‘P = Nr'Q+w . v . 

Nr‘P + 0,.Nr‘P = Nr‘Q+i: 

[*181-65] D : (a«r) . «r € NO - t'O, . 1 + Nr‘P = (1 -i- Nr‘Q) + «• . v . 

Nr‘P + 0, . i + Ni‘P = (i -i- Nr‘Q) + 1 : 
[*255-33] D : 1 + Nr‘P > i + Nr‘Q D h . Prop 

*266-601. (- : Nr‘P > Nr‘Q . = . 1 + Nr‘P > i -i- Nr‘Q 
Dem. 

h . *255-6 ^ . *255-103 . D 

h;Nr‘P<Nr‘Q.D.i + Nr‘P<i + Nr‘Q (1) 

h . (1) . *256-108 . D h ; Nr‘P < Nr‘Q . D . i + Nr‘P ^ 1 + Nr‘Q (2) 

I- . (2) . Transp . *251-142 . D 

h : i -1-Nr‘P, l + Nr‘(2eNO . ~(i -|-Nr‘P ^ i -i-Nr‘Q) . D . 

Nr‘P, Nr‘Q e NO . ~ (Nr‘P ^ Nr‘Q) (3) 

1- . (3) . *255-281 .DI-:l+Nr‘P>l + Nr‘Q.D. Nr‘P > Nr‘Q (4) 
h . (4) . *265-6 . D I* . Prop % 

*266-61. hiQ,Rea. Nr‘P = Nr‘Q + Nr‘P . Q'P, = O'P . E I . D . 

Nr‘P + i > Nr‘Q + 1 

Dem. 

I- . *253-57 . D H : Hp . D . Nr‘P-i- 1 = Nr‘Q+ 1 -i-Nr‘P . 

[*265-32] D . Nr‘P + i > Nr'Q + 1 : 3 I- . Prop 

*266-62. I- ; e fl . Nr‘P = Nr‘Q + Nr‘P . Nr‘P + 0, . 

~(a‘A=a‘P.E!5‘P).D. 

Nr‘P > Nr‘Q + 1 . Ni ‘P + i > Nr‘Q + 1 

Dem, 

h . *253-571 . 3 h : Hp . 3 . Nr‘P = Nr‘Q + 1 + Nr‘i? . 

[*265-32] 3 . Nr‘P > Nr'Q + i . 

[*255-321] 3 . Nr‘P -i- 1 > Nr'Q + 1 

h . (1) . (2) . 3 h . Prop 


( 1 ) 

( 2 ) 
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#266-63. I- ; Nr‘P > Nr'Q . D . Nr‘P + 1 > Nr‘Q + i 
Dem. 

I- . *255-33 . D H Hp . D : (gP) . Nr‘P + 0, . Nr‘P = Nr'Q + Nr‘P . v . 

Nr‘Q + 0, . Nr‘P = Nr‘Q + 1 : 

[*255-62-321] D : Nr‘P+ i > Nr‘Q+ i D h . Prop 

*266-64. I- : Nr‘P > Ni-‘Q . = . Nr‘P + 1 > Nr‘Q + 1 
Dem. 

H . *255-63-103 . D h ; Nr‘P < Nr‘Q . D . Nr‘P + 1 < Nr‘Q + 1 (1) 

I-. *181-31. Dh :Nr‘P = Nr‘Q. D.Nr‘P+i=Nr‘Q + l (2) 

I- . (1) . (2) . *255-113 . D h : P, Q e ft . ~ (Nr‘P > Nr‘Q) . D . 

Nr‘P + l<Nr*Q-i-i. 

[*255-483] D . ~ (Nr‘P + 1 > Nr‘Q + 1) (3) 

h . *251-132 . D h : ~ (P, Q e ft) . D . ~ (Nr‘P + i, Nr‘Q + 1 e NR) . 

[*255-12] D.~(Nr‘P-i-l>Nr‘Q + l) (4) 

h.(3).(4). DI-:~(Nr‘P>Nr‘Q).D.~(Nr‘P + i>Nr‘Qii) (5) 

h . (5) . *255-63 . D h . Prop 

*266-66. I* /X e NoO — .D : p ^ ft . = . fi + i 
Dem. 

h . *255-33 . 3 h If ^ /[« . D : (gto-) . tar e NO — t‘0, .i/ = ;i*-i-w.V.i' = /*+i (1) 
V . *255-53-31 . D 

h Hp . w eNO — = . D : (gp) . p eNO wt‘i .i/ = /t-j-2-fp: 

[*181-56] 3 :(gp).p6NO wt‘i.i/ = p. + i + i+p: 

[^*255-298)] 3 s = .v . V ~ p.-f“i"j*i-j*i . V . 

(ap) • peNO— t‘0r.i/ = /4-i-i-i-l +p : 
[*2.55-33] 3:ir>/t-i-i (2) 

H.(l).(2). 3 h : ir j> /i . 3 . (3) 

h . *255-45-321 . 3 h ; Hp (4) 

H . (3) . (4) . 3 h . Prop 

The following propositions are concerned with the relations of ordinals to 
the corresponding cardinals, i.e. to the cardinals of the fields of well-ordered 
series having the given ordinals. If P is a well-ordered series whose ordinal 
is a, C“o = Nc'C'P, so that (7“a is a cardinal whose members can be well- 
ordered. Such cardinals have the property that of any two which are not 
equal, one must be the greater. 

If the cardinal number of one series is greater than that of another, so 
is the ordinal number ; but the converse does not hold except for finite 
numbers. 



72 


SERIES 


[part V 


*266-7. I- . = ^“‘NO [*152-7 . (*251-01)] 

*266-701. h . Nc“(7“Xl- t‘A=0‘“(NO-i‘A)=0‘“N0-t‘A [*2557 .*37-45] 

*266-71. h : P less Q . D . Nc'C/'P < Nc'C'Q 
Dem. 

V . *254-1 . D h : Hp . D . a ! R1‘Q n Nr‘P . 

[*154-1] D.a!Cl‘C'‘QrtNc‘C'‘P. 

[*1 17-22] D . Nc‘C‘P < Nc'O'l? : 3 h . Prop 

*266-711. f- : Nr‘P ^ Nr‘Q . 3 . Nc‘0‘P < Nc‘(7‘Q 
[Proof as in *255-71, using *255 22] 

*266-72. h : a ^ /9 . 3 . 

Dem. 

h , *255-24 . 3 h : Hp . 3 . (gP, Q) . o = N„r‘P . ^ = N„r‘Q . Nr‘P ^ Nr‘Q . 
[*255-711] 3 . (gP, Q) . a = N„r‘P . ^ = N„r‘Q . Nc'O'P < Nc‘C‘0 . 

[*152-7] 3 . (7“a < (7“y3 : 3 h . Prop 

*266-73. h:.P,Q€n.3: 

Nc‘0‘P < Nc'C'Q . V . Nc‘C‘P = Nc‘(7‘Q . v . Nc‘0‘P> Nc‘C‘Q 

Dem. 

h . *255-711 . 3 r : Hp . Nr‘P ^Nr'Q . 3 . Nc‘C‘P < 'Nc‘C‘Q (1) 

I- . *255-71 . 3 1- ! Hp . Nr‘Q < Nr‘P . 3 . Nc‘C'‘Q < Nc‘0‘P (2) . 

h . (1) . (2) . *2551 15 .31-. Prop 

*266-74. h :. a, ^ e (7‘“NO - t‘A .3:a</3.v.a>y8 

Dem. ' 

h . *255-701 . 3 1- : Hp . 3 . 0, ^ € (7‘“(NO - t‘A) . 

[*155-34] 3 . (sD, cJ).P.Qen.a= (7“N.r‘P . /3 = 6’“N.r‘Q . 

[*152-7] 3.(gP,Q).P,Q€fl.« = Noc‘(7‘P.^ = Noc‘(7‘e (1) 

I- . *255-73 . *117-106-107-108 . 3 

I- P, Q e H . 3 ; N„c‘0‘P < N„c‘(7‘Q . v . N,c‘0‘P > N„c‘G‘(2 (2) 

l-.(l).(2).3h.Prop 

*266-76. h : P, Q e H . Nc‘G‘P < Nc‘C'Q . 3 . P less Q 
Dem. 

V . *117-291 . 3 h ; Hp . 3 . -(Nc'C'Q < Nc‘0‘P) . 
[*265-711.Transp] 3 . ~ (Nr‘Q ^ Nr‘P) . 

[*255-29] 3.Nr‘P<Nr‘Q. 

[*255-17] 3.PIes8Q;3h.Prop 

*266-76. H : a, /3 e NO . C“a < C^'/S . 3 . a < ^8 [*255-75 . *152-7] 



*266. THE SERIES OF ORDINALS. 


Summary of *256. 

In the present number, we have to consider the series of ordinals in order 
of magnitude. Propositions on this subject deserve close attention, because 
it is in this connection that Burali-Forti^s paradox* arises. This paradox, as 
we shall show in the present number, is avoided by the doctrine of types. 
But before discussing the paradox, it will be well to explain various propo- 
sitions which raise no difficulty. 

For convenience of notation, we shall, in the present number, employ the 
letter M for the relation <• (This letter is chosen as the initial of 
minor.'') Thus “ oMS means that a and S are ordinals of which a is less 

than yS. will be the class of ordinals less than MiS will be y8 + lf 

and il/i^/8, when it exists, will be such that either + i=y 8, or 

/8 = 2r . Thus d^Mi is the class of ordinals having immediate 

predecessors, and is the class of ordinals not having immediate pre- 

decessors. 

We have (*256T2) 

h olMS . = : a, € NqO : ( 37) . 7 € NO — v - yS = a+7, 

that is, one ordinal is less than another when something not zero can be 
added to the first to make it equal to the second ; 

*26611. h : P 6 ft . D . M^Nr^P = Nr^^D^Ps 

/.6. the numbers less than that of P are the numbers of the proper 
segments of P. Also, if Peft, 

M ^ if^Nr^P = Nor5(Ps I D^P,) . Nor [ D^P, e 1 1 (*256-2*201), 

so that (*256*202) the series of ordinals less than that of P is similar to the 
series of the proper segments of P, i.e. to P ^ Q^P (in virtue of *253*22). 
It follows (*256*22) that every section of M is well-ordered, and therefore 
that M is well-ordered (*256*3), i.e. that the ordinals in order of magnitude 
form a well-ordered series. 

* “Una questione sui numeri transfiniti,** Rendiconti del circolo matematico di Palermo^ 
Vol. XI. (1897). 
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For the purposes of the present number, it is convenient to include 1« 
(cf. ^153) in the series of ordinals ; we therefore get 

iV'= ikf a Or i vy X G.^M Dft [f 256j. 

The effect of this definition is merely to insert in the series M between 
Or and 2r. We then have (^256*42) 

Nr^i\r=14-Nr^i/. 

Now if Pefl, (as we have just seen) is similar to a proper 

segment of M, so that if we omit to mention types we obtain 

h : P 6 n . D . Nr^P ^ Q^P < Nr^Jlf. 

Hence NPP, which is l + Nr^P^Q^P, is less than i-fNr^ilf (by *255*63), 
i.e. is less than N, Hence 

l-:P€fl.D.Nr^P<Nr^i^. 

Nevertheless so that it might geem as if Nr^iV must be less than 

itself, which is impossible by *255*42. Hence we are led to Burali- Forties 

paradox concerning the ordinal number of all ordinals. 

Burali-Forti’s own statement of his paradox, which is somewhat different 
from the above, may be summarized as follows. Assuming 

a, ^ 6 NqO .D:a<^.v.a — ^.v.a>/8 (A), 

we shall have a e NqO . D . or <• a + 1. 

But we also have a e NqO . D . a ^ Nr^A. 

Hence Nr^iV^ < i . Nr^i\r+ 1 ^ Nr^iV^, 

which is impossible. The conclusion drawn by Burali-Forti is that the 
above proposition (A) is false, This, however, cannot be maintained in view 
of Cantor’s proof, reproduced above (*255*112, depending on *254*4). The 
solution of the paradox must therefore be sought elsewhere. 

With regard to Burali-Forti’s statement of the paradox, it is to be 
observed that a < a -i- 1 ” only holds if g ! a + 1, ie. if (gP) •Pea. C^P^ V. 
This will always hold if a exists and is infinite, because then, if Pea, 
P^G^P-t^P^Pea+i. But if a is finite, this method fails, since"* 

PPG^P^P^Pea. 

Thus if the total number of entities in the universe (of any one type) is 
finite, “a<a+i” fails when (7''a = tW, which is just the crucial case for 
Burali-Forti’s proof. Hence as it stands, his proof is only applicable if we 
assume the axiom of infinity ; it might, therefore, be regarded as a reductio 
ad absurdum of the axiom of infinity, i.e. as showing that the total number 
of entities of any one type is finite. 

In order to make it plain that the paradox does not depend upon the 
axiom of infinity, we have above stated it in a form independent of this 
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axiom. The paradox, stated simply, is as follows : The ordinal number of 
the series of ordinals from 0^ (including 1^) to any ordinal a is a + l ; hence 
a+1 exists, and is therefore > a. But the ordinal a is similar to the 
segment of the series of ordinals consisting of the predecessors of «, and is 
therefore less than the ordinal number of all ordinals. Hence the ordinal 
number of all ordinals is greater than every ordinal, and therefore than itself, 
which is absurd; moreover, though the greatest of all ordinals, it can be 
increased by the addition of 1, which is again absurd. 

In order to dispel the above paradox, it is only necessary to make the 
types explicit. In the proposition 

P € H . D . P less N (B), 

upon which the paradox depends, the relation “ less is not homogeneous. 
N is of the same type as M, which is defined as NrHess, where (7^1ess = Xl. 
Thus Nr^P € C^N. Thus N, as it occurs in (B), should really be iV P t^Nor^P, 
ie. NlWP^ i,e. N(P,P), according to the definition 9^65*12. We have 
therefore 

*266*63. h : P € n . D . P less N I 

but this does not allow the inference 

N P ^^NoT^P less N I ^^Nor^P, 

which is what would be required in order to elicit a paradox. The correct 
inference is, substituting for N p ^^Nor^P the equivalent form N (P, P), 

N (P, P) less N {N (P, P), N (P, P)}, or, more generally, 

• *266*66. less {N ^ 

Thus in higher types there are greater ordinals than any to be found in 
lower types. This fact is what gave rise to the paradox, as the corresponding 
fact in cardinals gave rise to the paradox of the greatest cardinal. 


«26601. 

M=< 

Dft [*266] 


*25602. 

iV' = Jf O Or J, 1, O t Ql^M 

Dft [*256] 


*2561. 

h.JfeSer.O'JfCNoO 



Bern. 

h. *266-42. 

HV.MdJ 

(1) 


1- . *256-471 . 

3 h . jlfetrans 

(2) 


1- . *255-12 . 

DI-.C^JlfCN.O 

(3) 


h. (3). *255-112. *155-43. 

3 H . if e connex 

(4) 


h.(l).(2).(3).(4).Dh.Prop 

The above proposition assumes that M is homogeneous, since otherwise 
"(7^if”is not significant. But M is significant even when it is not homo- 
geneous. Thus the conditions of significance in the above proposition impose 
a limitation upon M which is not always imposed upon if. 
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*266101. h ; a ! il/ . D . C^il/ = N„0 . 0, = B‘M : NoO - 1‘0, = a‘M 


Dem. 

h.*20012.*2561.Dh.(7‘Af~6l (1) 

H.(l).*51-4. Dh;a!-a/.3.alC'‘JW'-t‘0r. 

[*2561] D.a!N„O-i‘0, (2) 

h. *255-51 . 3t-:/ieNoO-t‘0,. = .Orilf/t (3) 

DH.N.O-t‘0,Ca‘3f.0,~6a‘itf (4) 

h.(2).(3). 3l-:a!-fl^.3.0reD‘jJf (5) 

f-. (4). *2561. DI-.a‘JlfCNoO-i‘Or (6) 

l-.(4).(5).(6).DI-.Prop 


The hypothesis a ^ ^ "'ill fail in the lowest type for which M is 
significant, if the universe contains only one individual. Under any other 
circumstances, a • ^ must hold. 

*266-102. I- ; a ! NoO - 1‘0,. . 3 . a ! 

Dem. 

h . *256-101 . 3 1- : Hp . 3 . a 1 (l‘M (1) 

h . (1) . *33-24 .31-. Prop 

*266-11. 1- : P e n . 3 . ^‘Nr‘P = Nr“D‘Ps [*2251 74] 

*256-12. I- : . ttMB . = : a, y3 € NoO : 

(ay) . 7 € NO - i‘0r ./3 = «-j-7.v.a4=0, ./8 = «+i [*255-33] 
*266-2. I- : P € n . 3 . 

Ml (i^o‘Nr‘P) = NorJPo . M I (]?‘Nr‘P) = Nor;(P, I D^P,) 
Dem. I 

I- . *256-101 .*3 h : Hp . P € Or . 3 . JIf ^ jtfolo‘Nr‘P = A.Mi {M‘Nr‘P) = A (1) 

h. *213-3. 31-:Hp.P€Or.3.Noi-;P, = A.Nor5(P5pD‘Pr) = A (2) 

1- . *256-11 . *213-158 , 3 I- : Hp . P ~ e 0^ . 3 . jtf#‘Nr‘P = Nr“C'‘P, (3) 

h . (3) . *255-17 . 3 h :. Hp . P~ e Or . D : a {il/ 1 (^o‘Nr‘P)} /3 . = . 

(aQ, P) . a = Nor‘Q . /3 = Nor‘P .Q,Re C‘P , . Q less P . 

[*254-47] = . (aQ. P) . a = N.r‘Q . yS = Nor‘P . QP.P . 

[*150-4] = . a (NorjPs) /9 (4) 

Similarly h : . Hp . P~ e Or . 3 : a {il/ ^ (iS^Nr'P)} ;3 . = . a ( Nor^P, I D'P*) j /3 (5) 

l-.(l).(2).(4).(5).3l-.Prop 

*266-201. 1- : P e n . 3 . Nor r D‘P, e [M I (jtf‘Nr‘P)} siiior (P, I D‘P,) . 

N.r C‘P, e {M t (^o‘Nr‘P)) sTilor P, [*25.3-461 . *256-2] 
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♦266 202. h : P € II . D . Nr‘{Jlf I (iH'Nr'P)} = i;r‘(P, ^ D‘Pt) = Nr‘(P I a*P) 
[♦256-201 . ♦253-22] 

♦266-203. I- ; P e n . D . Nr‘{il / 1 (JS^'Nr'P)} = Ni ‘P, [♦256 201] 

♦266-204. h : o e NoO - 1% . D . 1 -i- Nr‘(M ^ M‘a) = a 
Bern. 

h. ♦2.55-101. ♦256-202. D 

I- :. P e n . a = N,r‘P . D : Nr‘{Jlf I M‘a] = Nr‘(P I G'P) ; 

[♦204-46-272] D : P ~ e 2, . D . 1 + I M‘a) = Nr‘P ;. D I- . Prop 


♦266*21. h : /i 6 NO . P e fi . M‘fi = Nr“D*Pj 


[♦256-11] 


♦266-211. h : /t 6 NO - 1‘0, . P e /* . D . M^‘,i = Nr“C‘Pt [♦213158 . ♦256*21] 

♦266-22. h;/t€NO.D.ifpi?#‘/*€ll 
Bern. 

h . ♦256-203 .DI-;Hp.P€A*.D. jNr‘(3f ^ Jt* V) = Nr'P. . 

[♦253-24] :>.Mt € n (1) 

l•.(l). i K . M\, (2) 

h . (2) . ^250-4 . D h . Prop 

♦266-221. h;/ie NO. j^/fteli [♦256*202] 


♦266-3. l-.ilfefl 


♦266-31. l-:a!Jf.D.2, = 2jtf = Jlf,‘0, 


[♦256-22-1 . ♦250-7] 


I- . ♦255-51-53 . D h : Hp . D . = 4*2^ w if ‘2, . 

[♦205-196.^256-l] D . 2, = min^‘M‘0, 

[♦206-42.^201-63] =M,‘0r 

[♦250-42.^256-101] = 2^ ; D f- . Prop 

We shall have, for every finite v, Vr = Vi/, where Vr will be defined as the 
ordinal corresponding to v, i.e. as 

ft ft C‘‘v. 

(This is a single ordinal when v is finite ; otherwise, it is the sum of a class 
of ordinals.) This subject will be considered in the next section. 
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4(266'32. h . = : «,/S€N„0 :a+Or . /8 = a+i . v . « = 0r.)8 = 2, 

Bern. 

H . 0255’65 . 3 : a e NjO — 1‘0, . D . M‘a= 1) u J/‘(a+ 1) . 

[*205’196] D . a-j- 1 =» miujf'i/'a . 

[*206-42.#201-63] D . « + 1 = M^‘a (1) 

l-.(l). *266-31. DH. Prop 

*256-4. H.l,~eNO 
Dem. 

h. *163-36. Dh:B€l,.D.C'‘iJ6l. 

[*200-12.*260-12] (1) 
h . (1) . *261-122 . D 1- : a 6 NO . D . a n 1, = A (2) 

t-. (2). *163-34. Dh. Prop 

*266-41. h.A^=ifo041,o(t‘l,)ta‘Jtf [(*256-02)] 

*266-411. h :. oN/S . = ; a= 0, . yS e t‘l, u (l‘M . v . 

« = 1, . /3 € a‘M . V . a, /9 e a‘M . aM^ [*25641] 

*266-412. f-!if=A.D.A' = 0,4,l,.JV'e2, [*256-41] 

*256-413. l-;M = 0,42,.D.N = 04l,o0ri2,c»l,42^.iyr€l + 2, 

[*266-41 .*161-211] 

*266-414. h ; a‘M<^e l.D.iV=Or4,l,4:il/^ a*M 
Dem. 

h. *204-46. *256-101. D 

H : Hp . a I # . D . N=0rM-Mta*M o 04 1, o (t‘l,) t G‘(Mia‘M) 
[*161-101] = 0, 4 1, c; (t‘0, w i‘l,) t G*{M p a‘M) o if ^ a*M 

[*160-1] =o,4i,4.if^a‘if (1) 

h . (1) . *266-412 . D h . Prop 

*266-42. h : a ! if . D . Nr‘iV= 1 + Nr'if 
Dem. 

h . *256-414 . D h : Hp . O'if ~6 1 . D . Nr‘ir= 2,+ Nr‘(if ^ O'if ) 
[*181-57] = 1 + 1 -i- Nr‘(if t Q'if) 

[*204-46] =l-i-Nr‘if (1) 

I-. (1). *266-413. Dh. Prop 


*266-43. l-;JVc.o_t‘A [*256-412-421 
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*266-41 h Pe O . D : P P a'Plessif . = . P lessiV. g ! M 

Dem. 

I-. *265-17-601.3 

h Hp . 3 ; P ^ O'Pless^f . = . 1 + Nr‘P I <I‘P < i + Nr‘if (1) 

h. *266-4.12-42. 3 f-:P = A. 3. P less iV (2) 

h. *255-51. 3h;.P = A.3:PDa‘Ples8Jf. = .a!3/ (3) 

h.(2).(3). 31-:.P = A.3:PC(I‘PlessJlf. = .PlessJV.a!ilf (4) 

1- . *200-35 . *255-51 . 3 h :. G'Pe 1 . 3 : P ^ Q'Pless ilf . = . g ! Jlf (5) 

1- . *256-42 . 3 h :. Hp . Q‘P c 1 . g ! Jl/ . 3 . P less N (6) 

l-.(5).(6). 3l-:.Hp.a‘P€l.3;PCCI‘Ple88ilf. = .g!jlf.PlessJ\r (7) 
h .*204-46 . 3 1- :. Hp . g 1 P . a‘P~e 1 . 3 : 1 -i- Nr‘P ^ O'P = Nr‘P ; 

[(!)] 3 : P D CI‘P less M. = . Nr‘P < 1 + Nr'Jlf . 

[*256-101-42] = . Nr‘P < Nr‘JV. g ! if (8) 

h.(4).(7).(8).3h.Prop 


We now make use of the above propositions to show that every well- 
ordered relation P of the type we start from is less than N, where N is to 
hold between ordinals of the type to which Nor‘P belongs. This proposition 
embodies what Burali-Forti’s paradox becomes when account is taken of 
types. 

*266-6. I- : g ! if . P e 11 . 3 . N„r ;(P. D I>‘P,) e D‘(if ^ t ‘N.r‘P)t 

Dem. 

I- . *256-2 . *253-13 . 3 1- : Hp . 3 . N.r ;(P* t D'P,) e D‘if, (1) 

h . (1) . *150-22 . 3 h ; Hp . 3 . N„r“D‘P, C <o‘C‘if, . 

[*213-141] 3 . N.r‘P e l„‘C‘if, . 

[*63-53] 3.«,‘C‘if, = «‘N,r‘P (2) 

h . (1) . (2) . 3 h . Prop 

*266-61. h : P e 11 . 3 . N,r;(P, I D‘P,) smor P ^ H'P [*253 463] 

*266-62. h:g!if.Pell.3.Pp H'P less if I <‘N„r‘P [*256-5-51 . *254182] 

*266-63. l-:P6ll.3.PlessAp«‘N,r‘P 

Dem. 

h . *256-44-52 . 3 1- ; Hp . g ! if . 3 . P less JV ^ <‘Nor‘P (1) 

h. *256-102 . 3 h : Hp . if = A . 3 *P = A . 

[*266-43] 3.Plessir (2) 

h.(l).(2).3h.Prop 

*266-64. 1- : P e n . 3 . Nr (P)‘(iV I I'N.r'P) = A 

Dem. 

1- . *256-53 .31-:. Hp . 3 : Q e <‘P . 3^ . ~ (Q smor N ^ <‘N^‘P} : 
[*162-11] 3 ; «‘P A Nr‘(ir^ t‘N,r‘P) = A : 

[(*65-04)] 3 ; Nr (P)‘(iV I t‘N,r‘P) = A :. 3 1- . Prop 
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*266-66. h;Pen.3. 

Nr (Py(N p <‘N.r‘P) = Nr (P)‘(N p = Nr (P)‘liV (P, P)} = A 

Lem. 

f-.*155-12.D h.PeN.r'P. 

[*63-105] Dh.PeCN.r‘P. 

[*63-53] Dh.«‘<‘P = «‘N„r‘P (1) 

H . (1 ) . D t- . Nr (P)‘(iV' I <‘Nor‘P) = Nr (P)‘( 2V ^ tH‘P) (2) 

[(*65-12)] =Nr(P)‘{N(P,P)} (3) 

h . (2) . (3) . *256 54 . 3 h . Prop 


*266-66. h . (iV p \) less { N t 
'Lem. 


b . *256-43-53 . 

3 (- . (N p \) less {N t (<‘N„r‘N ^ \)} 

(1) 

(-.*155-12. 

3(-.iVp.X6N.r‘iVtX. 


[*63105] 

3 (- . W ^ X e io'Nor'N ^ \ . 


[*63-53] 


(2) 

(■.*6416. 

3(-.iV^\e<‘(CXtCX-). 


[(*64-01)] 

3(-.iVp\€CX 

(-3) 

(-.(2). (.3). 


(4) 

(-.(1).(4). Dh 

. Prop 



When types are neglected, the above proposition appears as 

N less N, 

which is impossible, and embodies Burali-Forti’s paradox. In the form 
proved above, however, the paradox has disappeared, and we have instead 
the proposition that in higher types longer series are possible than in l|)wer 
ones. 



*267. THE TRANSFINITE ANCESTRAL RELATION. 


Summary of *257. 

In this number, we are concerned with an extension of the notions of 
and JBpo. This extension requires two relations, R and Q. It is most 
easily explained by first defining the transfinite posterity of a term x with 

respect to R and Q; this class is an extension of R^fx. This class is 
generated as follows. Let us suppose, to aid the imagination, that Q is more 
or less serial in character, and that JB is a many-one relation contained in Q, 
Then the transfinite posterity of x with respect to R and Q is generated as 
follows : Starting from a?, we tra vel down the posterity of x with respect to R 

4— 4— 

(i.c. R^fx) as long as we can ; if the whole class R^fx has a limit with respect 
to Q, we begin again with this limit, which is to be included in the trans- 
finite posterity of x with respect to R and Q ; if the limit is y, we travel 

4— 

down R^^y, and include the limit of this class with respect to Q, and so on, as 
long as we still have either terms belonging to D^12 or classes belonging to 
The whole of the terms so obtainable constitute the transfinite 
posterity of x with respect to R and Q, which we will denote* by {R^Qfx. 

In order to obtain a symbolic definition of this class, let us call a class a 

“ transfinitely hereditary ” when not only R^^cr C o*, as in the ordinary 
hereditary class, but also if we take any existent sub-class /x of C^Q, if y, 
has a limit with respect to Q, that limit is to be a member of a. Thus a is 
to be such that the JS-successor of any member of <t belongs to o* and the 
Q-limit of any existent sub-class of <r n C‘Q belongs to cr (so long as these 

exist). That is, R^^aCa and /xC<r.g!/x a Itg^/xCo*. Using the 

notion of the derivative of a class with respect to Q, introduced in *216, the 

condition /x C o* . ! /x a C <r reduces to SqV C a, in virtue of 

*2161. Hence <r is transfinitely hereditary with respect to jR and Q if 

R^^cr \J C a, 

* This meaning for has no connection with the meaning temporarily assigned to this 
symbol in *95. 

B.d;W. III. 
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We may now define the transfinite posterity of x with respect to R and Q 
as all members of C^Q which belong to every transfinitely hereditary class to 
which X belongs, i,e. we put 

{R^ftQYx = C^Q fs^[xea n w SqV C <r . - y € <r} Df. 

Then the analogue of is [y eiR^Qyx]. This relation, however, is 
less important than the analogue of R^^ limited to the posterity of x. This 
analogue, assuming Q to be transitive, will be Q ^ (R^QYx, For this we 
introduce the two notations and Q(R,x\ the latter being more con- 
venient when either i2 or a? is replaced by a more complicated expression. 
Thus we put 

Df. 

If Q is a well-ordered series and R — Qi, is merely the series Q 

4 — 4 — " 

beginning with a?, and (R^i^QY^ — = t^x if xeC^Q, Thus in this 

case, if x^B^Q, Qr^^Q- Dut the importance of Qjja. is in cases where Q is 
not completely serial, but becomes so when limited to {R^QYx. In these 
cases, Q will, in applications, almost always be logical inclusion combined with 
diversity, or the converse of this ; i.e. it will be either 

a^(aC/9.a + /3) 

or MiMQN .M^N), 

or the converse of one of these. In the case of a/9 (a C . a 4 = /8), we have 
Itg = 5 (~ Q^maxg) . tig f" (— Q^ming), 
as will be proved in aie258. 

In the present number, we are concerned in proving that, under certain 
circumstances, € 12. The proof proceeds on the lines of Zermelo s second 
proof* of his theorem that if a selection exists from all the existentisub- 
classes of a given class, then the given class can be well-ordered. 

Before proceeding to treat of this subject, however, it is necessary to 
prove some elementary properties of {R^QYoo, These are given in the 
propositions preceding ^257*2. 

We have 

♦26711. hzxea. R^^a u C <r . D . {R^QYx C o- 

Thus in order to prove that {R^QY^x) is contained in a class <r, we have 
to prove (1) that x belongs to <r, (2) that the JS-successors of members of a 
are members of <r, %.e, that <r is hereditary with respect to R, (3) that the 
derivative of <r with respect to Q is contained in or, i,e, that if /i is any 
existent sub-class of a QQ which has a Q-limit, this limit is a member of a. 

* ** Neaer Beweis fiir die Mdglidhkeit einer Wohlordnong,” Math» AmuxUn^ lxv. p. 107 (1907). 
His first proof, which was somewhat more complicated, was published in Math, Annalen^ Liz. 
p. 514 (1904). ^ ( 
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mTlll. V.iR^QYxCC^Q 

♦257*12. h : a? 6 G^Q . = . a? € (JS^ QYx 

♦257*123. h : JJ e Q . D . R^^R^QYx C (R^QYx 

Le. if R(iQt{R^QY^ is hereditary with respect to R, The hypothesis 
RQQ IB required for most of the properties of {R^QY^- 

♦257*125. h : J2 G Q . a 6 C'Q . D .^^^x C (iJ^Q/a? 

Thus if xeC^Q, the iZ-posterity of x is contained in {R^QY^- 

♦257*13. h : ^ C {R^QY ^ . 3 ! /^ . 3 . C {R^QY^ 

♦257*14. h : jB G Q . 3 . {Rif^QY^ C 

Thus {R^ttQY^ ^ wholly contained in the Q-posterity of x. 

The following propositions (♦257*2 — *36) are concerned in proving 
Qjg^eil, with a suitable hypothesis. This hypothesis is 

. Q € Rl* J A trans . R € Rl^Q a Cls — > 1 . It^ Cl e\\R^QYx e 1 -♦ CIs. 

We assume, to begin with, only part of this hypothesis, namely, 

Q € Rl'J A trans . R e R1*Q a Cls 1. 

Thus to prove Qj^^^eSer, we only have to prove « connex, i.e. 

y € {R^QYa : . 3 . {R^QYx C^y, 
or, what, comes to the same thing, 

{R^QYx Cp*Q^%R^QYx. 

Let us put 0*1 = {R^QYx a p^Q^\R^QYx. 


Then any member ofVi may be called a "connected term,” because it is con- 


nected by Q or Q with every other term of {R^QYx, (A connected relation 
is then a relation whose field consists entirely of connected terma) We wish 
to prove that cti is a transfinitely hereditary class, and therefore equal to 
{R^QYo). We do this, not directly, but by combining o*i with another class 
0*8 defined as follows. Consider those members z of (R^QYx which are such 


that their successors in consist of R*z and its successors in Q^x, i-e. put 
T = (B*Qyx A a 


It will be observed that, even when Q is transitive, and (Qnxkt are still 


useful In this case, (Qbx)^ =* Qm w , so that consists of 

R^z and its successors in We then consider the class o*, consisting of 

those terms y whose predecessors are all members of r, i,e. we put 


cTj — (R^QYx A p [zQy • z e (R^^QYx . Og • QjiaY^ ~ 

Finally we put <r = cr, a 0*9, i.e» 

(T = {R^QYx A p^^\R^QYa) a p [zQy . z e . 3 « .Q^rJz = 
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The reason for this process is that it is easier to prove that o* is a transfinitely 
hereditary class than it is to prove this directly for ; and the result follows 
immediately for ai when it has been proved for c. 

We have then to prove C <r . SqV C a. 

The first step is to prove 

yea.H. Qji/y = Qiu‘R‘>/ w 
This is proved by trausfinite induction, by showing that 

is a transfinitely hereditary class, whence the result, because, by hypothesis, 

(R^QYx = (Qnzh‘y Qnx‘l/- 

The proof that is a transfinitely hereditary class is as follows. 

If .2? € Q^^R^y, R^z € Q^^R^y. If z=^y, R^z = R^y, 

If zeQ^^yy then since by the hypothesis Qbx^z — {Qr^^*R^z, we have 

Hence z e {R^QYx n {Q^^y u Q^^R^y ) . D . R^z e u Q^^R^y, 

We have next to prove 

fi C (R^QYx n (Q^^y yj^^^R*y ) . g ! /x . D . It^V C Q^^y u Q^^li^y. 

If a ! /i n Q^^R^y, then Itg^/tA C Q^^R^y, 

— > — ^ — ► 

If fiC Q^^y •y €fi, then y e maxg^/a, and = A. 

< — 

If fx C we have y €p^Q^*/x, whence w IIq/x . D •^^(yQw), whence, since 
y, by hypothesis, is a connected term, wQ^y, 

— ► — > — ► 4 — ^ 

Hence in any case ItgV C Q^^y ^ Hence Q^*y w Q^^R^y is 

hereditary, and therefore contains {R^QY^ \ and hence 

*QBz‘y = ^Rxh‘R‘y-(QRxh‘y=QBx‘R‘y- 

This shows that R^y is a member of erg. For by hypothesis this holds 
of all predecessors of y, and we have now shown (1) that it also holds 

of y, (2) that y is the only predecessor of R^y which does not precede y. 
This is the first step towards proving that a is transfinitely hereditary. 

It follows immediately, from what has now been proved, that if y e a-, R‘y 
(if it exists) is a connected term. For by hypothesis 

(R^QYx QQiYy ^*Q‘y> 
whence, by what we have just proved, 

iR*QYxCQ‘R*yy/Q^*R*y, 
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whence R^y is a connected term. Hence R^y e <r. Hence R^^(t C ct. 

It remains to prove C a. 

Just as R^^aCa was proved by proving Q^y=^Q^^R^y, so S<^VCor is 
proved by proving 

provided /a C o- . g ! /a . ^ g I maxg^/t ; 

and this is proved by showing that Q^^fi u Q^^^ltq^fi is a transfinitely heredi- 
tary class. 

To show that Q^^fi ^J is a transfinitely hereditary class if 

C <7 . g ! /X . g ! max^^/ix, 
we observe that by hypothesis 


^ . D . Qjtx^Z — {Qr3^^^R^Z . D • g ! /X a (Qrx)^^R^2!. 

Hence iJ'-? € V > hence, since by hypothesis /x C 

hzeQ^J^ii. 

Hence a C {Q^Ryx a Q^^/x. 

Also obviously C Q^^^ltg^/x. 

VJ' — > 

Hence putting p = {Q^Ryx a (Q^ V v-> Q^je^Mt^^/x), 

we have R*^p C p. 

We have now to prove Sg^p C p, 

— > — > 

i.e. aCp.g!a-<^g! maxg^a . D . ltg‘a C p. 

If a C V> obvious (since /lx is composed entirely of connected terms) 
that seqg^a C ^ w Itg^/x. 

On the other hand, if g ! a a Qa|f^‘ltg‘p, then a a Q^^/x, if it exists, does not 

affect the value of the limit of a, which is the limit of a a Q* ‘‘ItgV, which is 

^ 

obviously contained in Qjie^^ltg'/x. Hence Sq^p C p. Hence p is transfinitely 
hereditary, and we have 

/i C <r . g ! ^ ~ a ! maxg'/i . D . {R*QYx C Q‘V 
At this point it is necessary to assume 

ltQrClex‘(«*Q)‘a:el->Cls. 

This being assumed, we have, by what has just been proved, 

/* C <r . a ! /* • a ! 'teV • ^ C Q“/t w Qjij'ltgV . 

D . C^ItgV wS|f‘lfc«V- 
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Hence is a connected term. 


Hence 

Cp^Q^\R^Qyx. 


We only require further 

\\iQ^ fjb ■ 3 • ItQ^^ m Z € X m 3jf • Qjlx^Z — 

Now by what we have just proved, zQ\tq* fi . = . z e Q“ ft •, and by the 
definition of c, since fiC<r, we have 

Hence we arrive at Sq^aCa, Since we have already proved R^^trCar^ it 
follows that a is hereditary, and (R^QYxCa, i,e, 

y € {Ri^QYx : Dy : y ep^‘\R*Qyx ; zQ^^y . X = (QjtoV-R'^, 

4 — 4 — vy 

Qrx € connex : ^ e D^Qrx • • Qex^^ = 

Hence Qijj^eSer. Hence also the immediate successor of every term z in 
is R*z, so that , 

B^Qj^ C D^R . {Q^\ = i? D 

To show that Qji^. e fl, we observe that every class contained in has 

a sequent, namely 

seq (QiixYA^x, 


a C • a 1 maxg^a . D . seq {QjtxYci = iJ^max^'a, 

— ► 

a C D‘Q^ . a I a . ~ g ! max<j‘o . D . seq = Itg'a, 

whence a C D‘Qb* . D. . E I seq (Qi8*)‘a, 

which shows that Qg^ e (1. 

The first derivative of Qj^. is SQ*(Q*J2)‘a7, and its last term, if any, is * 
i‘{(Q#i2)‘a: — D‘i2}, i.e. lt<;‘{(Q*U)‘ir aD'jB}. 

The hypothesis required for Qg^ e fl is the same as for Qg^ e Ser, namely, 
Q e R1‘J A trans . R e R1‘Q a Cls — » 1 . lt<; f* Cl ex‘(iJ* QYx e 1 Cls. 


In order that Qjj* “ay not bo null, we require further x e D‘R. 

The next set of propositions (#267'6 — ’66) are designed to prove that, 
subject to the above hypothesis together with x e D‘R, Qg^ is the only value 
of P fulfilling the following conditions : 

(1) P is transitive. 

(2) C*P is contained in {R*QYa!, 

(3) If is any member of D^P, R^z is its immediate successor. 

(4) If a is any existent class contained in C^P and having no maximum, 
Ito^a is its P-limit. 
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This proposition is essential for what may be called “transfinite inductive 
definitions,” Le. definitions of a series by defining the successor of every term, 
and the successor of every class having no maximum. 

The following illustration may make this clear. Suppose J2 is a many- 
one relation of classes to individuals ; suppose we start with some class a, and 

proceed to a w i‘R*a, a w i‘B‘a u i‘E‘(a w and so on. At the end of 

this series we put its sum, i.e. its limit with respect to the relation (C <*» J) ; 

V/ 

let the sum be We then proceed with ^ u and so on, as long as 

possible. The series ends with a sum which is not a member of D^R, if there 
is such a sum. It is evident that the series is uniquely determined by the 
above method of generation ; the above-mentioned propositions give symbolic 
expression to the process expressed in words by ‘‘and so on, as long as 
possible.” 


9le267'Oi. {R^Qyx^C*Qr\p{x€a » R^^cryj^Q^aCcr ,^9 •yeo] Df 
*267*02. Qn.^Q{R,a^)^Qt {R^QYx Df 

*267*1. h y € (R^Qyw . = : y € C^Q :x ea • R^*<r u Sq^<t C <r • D, . y e cr 
[(*257*01)] 

*267101. h ::y e(jR*Q)^a7. = i.ycC^Q:. 

SJ — 

X€<T m R^^a Ccri/iCo’.gl/in C^Q • . It^^M C o* : . y e o- 

[*257*1 . *216*1] 

*267102. h :: y e {R^Qyx . = y € G^Q 

xe^nR^^aQa : fiC cr fir\ C^Q . g ! maxg^/i . . Bec^Q^fiCcn 

[*257*101 . *2071] 

*267*11. h : a? € a . u Sg^a C <r . D . {R^QYx C <r [*257*1] 

Almost all proofs of propositions concerning (iJ*Q)*a? use this proposition. 
*267*111. h.{R¥itQyxCG^Q [*257*1] 

*267*12. h:a?€(7^Q. = .a6(iJ*Q)^aJ [*257*1] 

*267*121. hiRGQ.ye (Ri^Qyx .O.R^yC {R*Qyx 

Dem, 

h . *257*1 . D h :. Hp . yRz . D : a .R*^a u SgV C a . ^^^y e a zyRzmZeC^Qz 
[*37*1]- D : e G^Q zxea • R^^a C a • Bg^a C <r • ^ : 

[*257*1] 3 : Z€(R^Qyx :. 3 h . Prop 
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*267122. h : i2 e Q . /* C (iJ* Q)‘<» . D . R“n, C {R*Qyx 
*267123. ViRdQ.’^. R‘\R*Qyx C {R*Qyx 
*267 124. h : i? <• Q . D . \‘\Rii,Qyx C {R^Qyx 
*267 126. ViRdQ.xeC^Q.-^ . C {R*Qyx 
*267126. ; i2 G y . a; e D‘i2 . ~ (xRx) . D . {R*Qyx ~ e 0 w 1 


[*257121] 

[*257122] 

[*257123] 

[*25712124] 

[*257125] 


*26713. I- : /i C (ii*Q)‘a; . ^ ! . D . Itg'/i C {R^Qyx 
Bern, 


h . *257 101 . *101 . *221 . D h :: /iC(R*Qyx . D 

5?eo*.i2^^crCo':i/C<r.g! p r\ C^Q . Dj, . Itq^p C <7 : D . /i C <r (1) 
h . (1) . Fact . D h :: Hp . D 

xea . R“a C<r:i'C<r.g!i>A C‘Q . CcrO./xCcr.^I/i (2) 

h. *101. *257 111. 3 

h:.i/Co*.g!i#A C^Q . C or : D : Hp . fjuCcr .y Itg/x . D . y e <r (3) 

h . (2) . (3) . 3 h :: Hp . y Itg/x . 3 

xea . R*‘<r C x i pC <r p n C*Q . 3, . C <7 : 3 . y e<r (4) 
h . (4) . *101 1-21 . *257101 . 3 h : Hp . 3^ .^.pe (iJ*Q)V : 3 h . Prop 


*267131. h . SQ‘(J?*y)‘a; C (R*Qyx [*25713 . *2161] 

*267132. h ; /c C Cl ex‘{R*Qyx . 3 . ltQ“« C {R* Qyx [*257 13] 

*267 14. \-iR(lQ.O.(R*Qyx CQ^‘x 
Bern. 


I- . *90163 . 3 h : Hp . 3 . R^Q^^x C Q^‘x 

ir— 4 — 4 — 

H . *20615 . 3 h : /u C . z Uq/* . 3 I . 3,. ^ ep‘Q“(i . 3 . 31 C Q^‘x . 


[*40-61 .*90-163] "^.ze Q“fi . Q“/* C Q^‘x . 

4 ~“ 

[*22-46] 3.06 Q^‘x 

h . (1) . (2) . *257-11 . 3 h : Hp . a: e O'Q . 3 . {R*Qyx CQ^‘x 
h . *37-261-29 . *60-33 . (*216 01) . 3 


1- : Hp . 3 . R“i- (7‘Q) = A . Sq‘(- C‘Q) = A 
I- . (4) . *25711 . 3 h : Hp . a: ~ e C‘Q . 3 . (iJ*Q)‘a! C - O'Q . 
[*257111] 3.(22*y)‘a; = A 

I- . (3) . (5) . 3 h . Prop 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


*267-141. I- : 12 G Q . 3 . R“C*Q u S^‘C‘Q C C‘Q [*2161 11 . *37-2011 6] 
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«267'142. h ; G Q .xeC‘Q. D . (R0Qyx=P {xea- . R‘‘a v> Sq^x C <r.O,.ye<r} 
Deni. 

h.»257l41.DI-:Hp.D.^{a:€o-.B‘VwSe‘<rC<r.D,.2/e«r}CC‘Q (1) 

h. (1). #2571 . Dh. Prop 

#25715. H : y € (R*Qyx . z e (R*Qyy .0 .z e (i2# Qyx 
Dem. 


h . #257'1 . D I- R**<t u C. a x x e or ,0 , y e <r t y e a , z e <t i 


D . xQx . 

D . seq^'i'a: = A 


( 1 ) 


( 1 ) 

( 2 ) 

(3) 

( 4 > 

(5) 


[Syll] ’^iX€<T,'^,zea 

h . (1) . 3!t2571 . D h . Prop 
91^267 16. VixeC^Q- B^R . D . (R^QYx = i^x 
Dem, 

f- . ?if257*12 - D h : Hp .D.xe (R^QYx 

h . aK37-261-20 . D h : Hp . D . R^^i^x = A 

— ► 

h . #205‘18 . D I- : Hp . ~ a ! m&XQ‘i‘x , 

■ [#206-42] 

1- . (3) . #216-101 . D h : Hp . D . Sq‘i‘x = A 

K . (2) . (4) . D I- : Hp . D . R“i^x w Sq‘i‘x C i*x , 

[#257-11] D . {R*Qyx C i‘x 

h . (1).(5). D h . Prop 

We now begin the proof (completed in #257-34) that under certain cir- 
cumstances Qbj. e n. We first prove that the class a introduced in #257-2 is 
tran.sfinitely hereditary, and this requires as a preliminary the proof that 

if yea, the class {QRx)^yy ^ (Q/ic)#‘iR‘y is transfinitely hereditary. This 
preliminary is provided by #257-2 21. The hypothesis of #257-2 is not all 
used in #257-2, but is introduced because it is required in the set of pro- 
positions of which this is the first. 

#257 2. b y € RPJ^ o trans . R e R1‘Q a Cls — > 1 . 

a = (R*Qyx A p*Q‘*(R*Qyx A p (zQjixy ■ ^ = 

y e a . z e iQRx)^‘y ^ ^ * D‘R • D . R‘z e (Qi{x)#‘y w (Qijx)#‘i2‘y 

Dem. 

b . #90-163 . #3V -62 . #257123 . D 

h:.RCQ.E!R‘z.D:ze ^^‘R‘y ■ D .R‘^ e ^^‘R‘y (1) 

b.#30-37.Db:El^‘.j.^ = y.D..B‘2=.R‘.V (2) 

b . #201-18 , #91-52 . #32-182 . 3 

b : Hp . y € <r . ir e Q^^^y . 3 . = (Qite)#*^*^ • y e Qr^z • 

[#13-13] 3.ye(Q^K. 

[#32-182] 'i.R‘ze{q^^‘y (3) 

b . (1) . (2) . (3) . #71-161 . 3 b . Prop 


7 
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♦ < w 


*267-21. 

1- : Hp *257-2 .yea./iC {Qa^^y w {Qjht)^*R‘y . ^ ! /i . 3 . 



— * — > 

4— V/ 


lt(j‘/* C Q#‘y 

w Q*‘-R‘y 

Dem. 

h. *201-14-15. *206-134. D 

1- : Hp . a ! /a n Q^*R‘y • 3 . IV/a C Q^*R‘y 

(1) 


1- . *205-38 . D l- : Hp . fi C Q#‘y . y e /* . D . y e maxg'/t . 
[*207-11] D.1^,V = A 

(2) 


h. *40-55. *206-143.3 

— > 4 — V/ 4 — 

h : /i C Q^y . w It^/i - D . y . 

[*37-1] D . (yQw) 

(3) 


h . *257*13 . D h Hp (3) • Hp . D : yQw - v . wQ^y : 

[(3)] 3 : wQ^y 

(4) 


h . (1) . (2) . (4) . D h . Prop 

*267-211. h ; Hp *257-2 . y e <r . 3 . (R^QYx C w 

Dem. ^ 

h .*267-14. D h : Hp. D .a: (1) 

h . (1) . *267-2-21-ll . D h . Prop 


*267-22. I- : Hp *257 2 . y e <r . D . = (^^)#‘.B‘y . (Q/jJ‘y = 

Dem. 

h . *257-211 . D h : Hp . D . (Qjj,)*‘^‘y - (.QmWy 

[Hp] ^ =^‘y (1) 

Similarly h : Hp . D . (Q^^Vy = Q^/^R'y (2) 

h . (1) . (2) . D I- . Prop 


It is to be understood that (Qg^)^‘R*y = A if ~ E ! R*y. 


*267-23. I- : Hp *257 2 . D . R“<r C <r 
Dem. 

h . *257-22 . D h Hp.y e <r n : zQR^y . = (1) 

h . *257 •22-21 1 . D h : Hp .y € <rn D^i2 . D . {Rn^QYx = u (Q^^B^y (2) 

h . (1) . (2) . D h : Hp .yean D^iJ . D . R^y e a : D h . Prop 

The above proposition gives the first stage in the proof that a is trans- 
finitely hereditary. The second stage, similarly, requires as a preliminary 
the proof that if fi is an existent sub-class of <r having no maximum, then 

Qite‘ V ^ (Q/te)*“lt«V 

is a transfinitely hereditary class. This proof is provided by *257*24*241*242. 
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«267'24 I- : Hp *267 ‘2 maxoV . 3 . C 

Dem. 

h . *91o2 . *20118 . D I- : Hp . ^ 6 . 3 . 

[*37-46.*1312] 3.a!(V^*"-B‘^«M- 

[#37-46] 3.:B‘^6((2^VV (1) 

I- . *2051 23 . 3 h : Hp . 3 . ja C (2) 

h . ( 1 ) . ( 2 ) . 3 1- : Hp . € Qn/‘/i .D.R‘ze ‘-Ob. Prop 

*267-241. H : Hp #267-24.3 . C 

Dem. 


h . *90-164 . 3 h : iJ G Q . 3 . /J“(Qite)*“lt<?V C 
1- . (1) . *267-24 .31-. Prop 


( 1 ) 


*267-242. I- : Hp *267 -24 . p = w (QjteV‘lt<,V . 

a C p . 3 t-«. ~ g ! ntaxg^a., ^ . kg(a.C p 

Dem. 

h. *206-15. 3 I- ; Hp . a !pt Ap‘Q“a. wltgo. 3 .g !/* — Q‘w (1) 

h . *201-621 .31-:Hp./4C<r.3. p-'Q*wCQ^*w (2) 

l-.(l).(2). 3h:Hp(l).3.a!/tA^‘w (3) 

l-.*205-123.3l-:Hp.3./tCQ‘V (4) 

h.(3).(4). 3l-:Hp(l).3.weQfi,‘V (5) 

1-. *206-24. 3l-:Hp./xCQ“a.oCQ>.3. Va = V/* (6) 

h. *20615. 3 h : Hp . a 1 a « (Qjj^)j,j“ltQV • 3 .T^g‘a C (7) 

h . (5) . (6) . (7) . 3 h . Prop 

*267 243. V : Hp *257 24 . 3.(R*Q)‘a; = Qy(*‘V w [*40-53.*205-12.S] 

*267-26. h : Hp *257 24 . 3 . (i2*Q)‘a; = w (Q^V'ltgV 
Dem. 

h . *257-242 . 3 HHp.3.Sg‘{Q«,‘V'>(5Ax)*‘%iV)CQfi«>u(Q^,V (1) 

h . (1) . *257*241 .31“. Prop 


*267-261. h : Hp *267*24 . 3 . (Qi^ V 
Dem, 

h . *257-25-243 . 3 h : Hp . 3 . w (Qbx)*"!^ V = V « V • 

[*200-53.*24-481] 3 . (Qb*)*‘%V = V : ^ I- • Prop 
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[part V 


*267-262. I- : Hp #257-24 . g ^ • Qisx“/* = p'Qrx“^^q> • 3 ' 1*9^ 

-Dem. 


h. #267-251. *37-29. DH:Hp.D.g!lV/i ^ ( 1 ) 

[#200-53.#40-62] D . %‘/t C (72# Q)‘^ - (Qi^V'lto V 

[#257-251] C{R*Qyx-p‘QBj‘p 

[Hp.#10-57.#257-243] (2) 

V . #201-51 . #40-67 . D h : Hp . D . Q^x'V C (^) 

h.(l).(2).(3).DI-.Prop 


In order to complete the proof that o- is a hereditary class, we have to 
introduce the additional hypothesis 

Itg [ Cl ex^R^QYw e 1 — > Cls. 

With the help of this hypothesis, the last stage of the proof is provided by 
the following proposition. 


9ie257‘26. f“ : Hp 9^257*2 . Itg [ Cl ex\R¥iiQyx e 1 — > Cls . D . SqV C <r 
Dem. 

“ — ► 

h . *257'251*252 . D h Hp . C . g ! . g ! It^V • ^ • 

{R^QYx = Q^Mt^v w ^R.)*‘ltQV • = Qr^“p ' 

[Hp] D ; UqV €p^“{Ri^Qyx ; yQiteltgV . . Vsx'y = {QBxh‘R‘y ' 

[Hp] D : Itg^fi e or :• D h . Prop 


*267-261. h : Hp*257-26 . D . {Rif^QYx^a [*257-11-23-26] 


*267*27. H : Q € RPJ n trans . R e RPQ n Cls — > 1 . 

Itg Cl ex^R^QYoo € 1 — > Cls . D . if 

Qkx ^ Ser . Qji^ — {R \ Q^) ^ {R^QY^c 

Dem. 

h . *257-261 . D 

h : Hp . D . {Ri,QYx Qp^^^{R^QYx n ^ [zq^.,y . D, (1) 

h . (1) . D h :: Hp . D € connex i.ze , Dg : zQ^^w .^y,.zR\ (Qn^hw 
[*5-32.*4-7l.*257-121] 

D e connex zQ^^w . ^ e . zR | Q^w . w e :• 

[*36*13.*^57-121] D connex . Qji^=^(R | Q^) ^ {R^nQYx :: D h - Prop 

We have thus proved that is a series. No additional hypothesis is 
required to prove that it is well-ordered, as we shall now show. 

*267-28. 1“ : Hp *257-27 . p C {R^QY^o . g ! /i - maxg^/x = A . g ! V • ^ • 

• Q/JV = [*257-261-27] 
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*267-281. H : Hp *2.57-28 . E ! It^V . D . 

* 


P‘Qitx‘M' — • Qbx^P ~ [*257-28] 

*267-29. h ; Hp *257 27 . a: e D'iJ . D . = (R^QYx . = a: 

Dem. 

h . *257-27-126 . *202 55 . D h : Hp . D . = {R^QYx (1) 

h. *257-14. DI-:Hp.D.(ii*Q)‘a;-l‘a:C^‘a: (2) 

t-.(l).(2).Dh.Prop 

*267-291. h : Hp *257 27 . a; ~ e T)‘R . D . = A [*25716 . *200 35] 

*267-3. h : Hp *257-27 . D . = D‘Rf^iR*Qyx 

Dem. 

h . *257 -27 . D h Hp . y e (fi*Q)‘a; .Dig! Q‘y . = . g ! Q^fR^y . 

[*257-141] = . E ! RUj 3 f- . Prop 

*26731. t- : Hp*257'27 , fiCiR^QYx . g !/* .~g ! maxg‘/i.g 

seq (QiixYp = [*257-28] 

*267 32. I- : Hp *257 27 . fi C (R* QYx . g ! maxg*/* . g ! p‘QRx*‘fi . 3 . 

seq CQjte) V = R‘ma,x {QjuYp 

Dem. 

H . *2.57-3 . 3 h ; Hp . 3 . /* C D‘i2 . 

[*257-27 .Trarisp] 3 . Qj^'max {QkxY/* = Q'TJ'max (Qitc)V s ^ • Prop 

*267-33. 1- : Hp *257 27 . /* C (J?*Q)‘a; . g ! /* . g ! . 3 . E ! seq 

[*257-31-32] 

The above proposition together with *257-27 shows that Qji^ is well- 
ordered, in virtue of *230-123. 

*267-34. h : Hp *257 27 . 3 . e ft 

Dem. 

I- . *2-57-291 . 3 1- : Hp.a:~6D‘iJ . 3 . Qjs*€ n (1) 

1- . *257-29 . *206-14 . 3 h : Hp . x e D‘JJ . 3 . seq^'A = x (2) 

I- . (2) . *257-33 . 3 

I- Hp . a; e D‘jB . 3 ; p C {RmQYx . g lp‘^sY‘fi . 3^ . E ! seq : 

[*257-29.*206-131] 3 ; g ! p‘$L“(/* « C‘Qj ^) . 3^ . E ! seq (Qi^Yp : 
[*260-123.*257-27] 3 s e H (3) 

l-.(l).(3).31-.Prop 
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[part V 


*267-36. h ; Hp *257-27 .O.Bt (R^QYx = (Q^), . R ^ (R*Qyx e 1 -> 1 
Dem. 


I- . *257-32 . D I- Hp . D ; 1 / e D‘Q ^ . D . seq {Q^yi‘y = R‘y (1 ) 

h . (1) . *206-43 . *204-7 . 3 h . Prop 


*267-36. I-: Hp*267-27.a;eD‘i2.3. 

= {R’^Qyno . H'Qija, = (R’^Qyx - i‘x . 


= a; . = {R*Qyx - D*R [*257-29-3] 

The following propositions are concerned in showing that a relation P 
which satisfies the hypothesis of *257*5 is identical with thus showing 
that this hypothesis is sufficient to determine P. 


*267-6. I- : Hp *257-27 . P c trans . C‘P C (P*Q)‘a ! . P P^ Ri {R% QYx . 

Itp [ Cl ex\R*Qyx = It, [ Cl ex‘{R*Qyx .^.P<IJ.C*P = {R*Qyx 
The above hypothesis is not all necessary for the present proposition, 
but it is necessary for the series of propositions of which this is the first. 
Dem. 


h . *37-41 . 3 h Hp . 3 : D‘(P ^ P^) = P“(P*Q)‘a; a (R*Qyx 
[*257-86] =(P*Q)‘a:nD‘Ji (1) 

I- . *32-14 . 3 1- ; Hp . 3 .Ttp'KP*!?)'® n D‘P} = V{(P*Q)‘a; n D‘P} 
[*257-36] =(P*g)‘a:-D‘P (2) 

I- . (1) . (2) . 3 1- : Hp . 3 . (P*Q)‘a: C 0‘P . 

[Hp] 0.(R*Qyx = C‘P (3) 

|- . (3) . 3 1- : Hp . 3 : a; € D‘P . 3 . xP — P* {R‘x) . 

[*34*5.Transp] 3 . ~ (xPx) (4) 

1- . (3) . (4) . 3 1- . Prop ' 


*267-61. h : Hp *257*6 .0.C‘P = P*‘a! 

Dem. 

V . *257-123 . *90-16 . 3 h : Hp . 3 . R“%‘xc1p^‘x (1) 

h . *90*13 . 31-; Hp . 3 . ltQ“Cl ex*P^‘x = ltp“Cl ex‘P0‘x . 

[*90-163.*40-61] 3.1V‘Clex‘P#‘a!CP*‘ar (2) 

h.(l).(2). 3h!Hp.3.(P*Q)‘a!CP»‘® (3) 

I- . (3) . *257*5 .31-. Prop 


In order to prove P -'Qbx we first prove Pefl. The proof proceeds as 
for but in some points it is easier. It is merely outlined below, as it 
closely resembles the proof for 


♦267*62. h:Hp ♦267*6. 

O' ** C^P fsp^P^^C^P A P {zPy • D* . P^z =® P^ffR^z ) . D . R^^ar C a 
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Dent, 

h . *34*5 . Transp . ^1^201 18 . 3 h Pj = iJ ^ (R^QYw . y ep^P^^C^P . 3 : 

zP (R^y ) . 3 . ~ (yPz ) : zP^y .^.zP (R^y) : 
[Hp] 3 : zP (R^y ) . = . zP^y (1) 

As in ^|e257*2*21, using Itp [ G\ e}i\R^Qyx =^ltQ\‘ Cl ex\R^Qyx, we prove 
h : Hp .yean D'P . p = P^^y u P^^R^y . 3 . R^^p C p . Bq^p C p . 

^D.iR^QYx^'p^^yyjP^^R^y (2) 
h . (1) . (2) . 3 h : Hp .yean . 3 . P^y = P^^R^y (3) 

1“ . (1) . (3) . 3 h : Hp .yean D^P. 3 . R^yeaiOV . Prop 

#267'621. h : Hp j|(257'52 tnaxpV • ^ • 

{R*QYx = P“/i V P*“ltpVt 
[Proof as in jK257'25, by similar stages] 

*26763. h Hp *257'5 . D : P e Ser : z e D‘P . D, . P‘« = l*^‘R‘z 
[Proof as in #257‘27] 

#267-64. h:Hp»257-6.D.P€ft [Proof as in #257-34] 

#267-66. f- : Hp *257-5 . <r = ^ (P‘y = ^‘y) . D . R“<r C «r 
Dent. 

V . *257-53 . D h ; Hp . y c 0‘P . 3 . P'P'y = C‘P - ^‘P‘y 
[#257-53] =C‘P-lp‘y 

[*257-53] =^yut‘y (1> 

I- . (1) . 3 1- ; Hp . y 6 O’ . 3 . P*R*y — QaJy t*y 

[#257-22] =^RjR'‘y ; 3 1- . Prop 

#267-661. h ; Hp #267-65 . 3 . Sg‘o C o 
Dem. 

I- . #267-63 . 3 

h : Hp . it,C.<T \ ft . z — . 3 . P*z — {(P#Q)‘fl5 n /i} w P“/a 

[Hp] = j^P#Q)‘» « ft] w 

[#257-27] 3 1-. Prop 

#267-66. I- ; Hp #267-6 . 3 . P = 

Dem. 

I-. #257-61-64. 3l-:Hp.3.P‘x = A. 

[#267-36] 3.P‘a;='Qto*« (1) 

h . (1) . #257-55-661 . 3 1- Hp . 3 : y e C'P . 3y .^y ==^te‘y :• 3 1- ■ Prop 
This proves that the conditions in the hypothesis of #257-5 are suflScient 
to determine P. 



*268. ZERMELO’S THEOREM. 


Summary of *258. 

In this number, we shall first show the applicability of the propositions 
of *257 to the case where the Q of that number is replaced by logical 
inclusion combined with diversity, i.e, by any one of the four relations : 

a^(aC/3.a4=^), a^(/SCa.a + ^), 

MNiMdN .M^N\ MNiNdM.M^N). 

If we put Q = 3)8 (a C . a 4= ^), 

and if k is any class of classes, then s^ic is the maximum of k with respect to 
Q if s^K€K, and the sequent of k with respect to Q if s^fcr-o€K (*258*1 11); 
similarly p^K is the minimum of /c if p^K e k and the precedent of k if p^Kf^e k 
(*258*101*111). Hence every class of classes has a unique maximum oi 
a unique sequent with respect to Q, and every class of classes has a unique 
minimum or a unique precedent (*258*12); we have, moreover, 

Itg = 5 f (- Q^rnaxg) . tl^ =p |" (— aiming) (*25813131). 

V/ 

Hence Itg, tlge 1 Cls (*258*14), and Q and Q therefore satisfy the most 

exacting part of the hypothesis of *257*27. Also Q and Q are Dedekindian 
relations (*258*14). (They are not series, because they are nob connected) 

An exactly similar argument applies to MN (M d N , M N"). Hence if 
Q is any one of the above four relations, and if jR is a many-one contained in 
Q, it follows from *257*34 that Q with its field limited to the trarisfinite 
posterity of any term is a well-ordered series. If we take Q = cij3(aCj3.a=j=j3), 
and take any initial term a, our series proceeds to continually larger classes, 
proceeding to the limit by taking the logical sum, ie, if sc is any existent 
sub-class of the posterity of a, s'/c = limaxQ^yr = limax (Qija)^'^ (*258*21*22), 
where Qj^a has the meaning defined in *257. This process stops with 
A (i2*Q)^a;} if D^JR r> has no maximum; otherwise, it stops 

with the iJ-successor of this maximum, which is maxg^fO^jR n (J2*Q)^a?}. 
If, on the other hand, we take Q to be the converse of the above, we proceed 
to continually smaller classes, and the limit of any set of classes sc having no 
last term is p^sc. In this case, if, starting from a, every existent sub-class of 
a belongs to D*i2, the process of diminution cannot stop short of A. This is 
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the process applied in Zermelo s theorem. We have the e a class /z, assumed 
to be not a unit class, and a selective relation S for existent sub-classes of 
fjL, i.e. a relation 8 for which 8 € ex* fi. Then our relation R is the 

relation of a to a — c*8*a, i.e, the relation of an existent sub-class of fji to the 
class resulting from taking away its /S-representative. Thus is a 
well-ordered series, which starts from n 6 <nd ends with A. Omitting the 
final A, 8 selects a representative from every member of the field of QjZfij 
and the series of these representatives, i.e. is similar to Qr^j, with the 

final A omitted. Moreover every member of fx occurs among these repre- 
sentatives, for, if X be any member of ya, let k be the class of those members 
of which a; is a member. (There are such classes, because fi e G^Qr^. 
and X € fJL.) Then xep*K, and by what was said earlier, is a member of 
G*Qr^^. Hence, by the definition of tc, and therefore p*K = mB,XQ*K. 

But no class smaller than p*K can belong to Ky and therefore p*K — i*8*p*K is 
not a member of Ky and therefore x is not a member of p*K — t*8*p*K. Hence 
x==8*p*Ky and therefore x occurs among the representatives of members of 
G*Qr^, which was to be proved. (The above is an abbreviated rendering of 
the symbolic proof given below in *258*301.) Hence the field of is f 6 , 

and therefore there is a well-ordered series having p for its field, provided 
€a^C1 ex*p is not null (*258*32). This is Zermelo^s theorem. 

The converse of Zermelo's theorem has been already proved (*250*51). 
Hence the assumption that a selection can be made from all the existent 
sub-classes of p is equivalent to the assumption that p can be well-ordered 
or is a unit class, i.e. 

*258*36. h : yLt € u 1 . = . g ! e^^Cl ex*p 

Hence also, by *88*33, the multiplicative axiom is equivalent to the 
assumption that all classes except unit classes can be well-ordered, i.e. 

*258*37. h : Mult ax . = . C**Cl u 1 = Cls 

Hence also, in virtue of *255*73, the multiplicative axiom implies that of 
any two unequal existent cardinals one must be the greater, i.e. 

*258*39. h :: Mult ax .Oi.pyve NoC .Dzp^p.y .p>v 

*258*1. h Q = fiyS (a C . a ^ e . D . =* maxQ^K 

Dem. 

h . *205*101 . D h :: Hp . 3 7 maxg^ .= :76/c:a€ic.D«.<^(7Ca.74=«)! 

[Transp] ^ z y e k z a e k • y , ^ 0 ^ {y C 0 ) (1) 

I- . ( 1 ) . *10*1 . D h :: Hp . aV € . 3 

7 maxgAT . = : 7 e/c:a€/c.a=|= 7 - 3 a-'^( 7 Ca): s*k 4= 7 - 3 - ^ (7 C s*k) : 
[*40*13] = :7€Ac:a€Ac.a=|=7.3a.'^(7Ca): 8*k = 7 : 

[Transp.*40*13] = zy€K.8*K = yz 
[Hp] = : s*K = 7 :: 3 h . Prop 


B & W III. 
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[PART V 


iK268'101. h ; Hp ik258‘1 . p*K e « . D . = minQ^x [Proof as in ♦268’1] 

4(268'11. h : Hp 4(258'! . «‘x ~ e x . D . seq^'x = «*x 
Dem. 

V . 4(40'53 . D h : Hp . D .p‘Q*‘K = ^(a€tc. D, .aCy . a+ 7 ) 
[Hp.*40161.»10'29] =(?(s‘xC 7 ) (1) 

I- . #401 . #22'42'46 . D h . s‘x = p‘^ (8 ‘k C 7 ) ( 2 ) 

h . ( 2 ) . #258101 . D I- : Hp . D . s‘x = mine**? («*x C 7 ) 

[(1)] = seq^'x : D h . Prop 

#258*111. I" : Hp#258'l .p‘x~ 6 x . D .precQ‘x=p‘x [Proof as in #258'11] 

#258'12. H Hp #258*1 . D : E ! maxg^x . v . E I seqg*x : 

E ! niing'x . v . E I precg'x [#258*1*101 *11*111] 

#258*13. h ! Hp #258*1 . D . Itg = s f (- H'maxg) 

Dem. 

H. #258*1 .Transp.Dh ;Hp.~a!maxg‘x.D.s‘x~ex. 

[#258*11] D . ltg‘x = «‘x : D I- . Prop 

#258*131. h ; Hp #258*1 . D . tig =p [ (— (1‘ming) [Proof as in #258*13] 

#268*14. l■;Hp#2581.^.Q,QeDed.ltg,tlgel-»ClB [#258*12*13*131] 

#268*2. h : Hp#268*l . EeRPQn Cls-> 1 . D . 

Dem. 

h . #268*14 . D h : Hp . D . Hp #257*27 ( 1 ) 

I- . ( 1 ) . #257*34 . D 1- . Prop 

#268*201. l■:Q = a^(/8Ca.a+/9).i^€Rl‘QnCls-»l.D.QJhen » 

[Proof as in #258*2] 

#268202. l -;(2 = .M(ifCiV^.Jf+JV^).R 6 Rl‘QACls-»l.D.Qj 5 ,ea 

#268*203. \^’.Q^M(NGM.M=^N).Eem‘Qf^C\B-*l.D.QJtxea 

#268*21. I- : Hp #258*2 . x C (R#Q)‘a . D . «‘x * limaxg'x 
Dem. 

f* • #258*13 . D h ; Hp . ~ g I maxg*x . D • «‘x = (tg'x ( 1 ) 

h . #258*2 . D h Hp . g I maxg^x . D : (g 7 ) : 7 e x : a e x . D, . a C 7 ; 
[#40*151] D : s'x e X : 

[#258*1] 3 : s'x = maxg'x ( 2 ) 

h.(l).(2).Dh.Prop 

#268*211. H : Hp #258*201 . x C (RutQYu . 0 .p‘K ™ limazg^x 
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*268'22. h : Hp *258'2 . a e D‘J2 . k C (RlnQya . 3 ! k . D . = Umax (Qija)** 

Dem. 

h ■ #258’21 . D h : Hp • s‘* ~ e « . D . s'ac = . 

[»25713] O.s^KeJR^Qya. 

[*210'233] D . s‘k = Umax {Qs>^‘k : D h . Prop 

«268'221. I- : Hp #258'201 . o e D‘i2 . k C (R^QYa . D . = Umax {Qr^k 

»268-23. h : Hp *268-2 . a e D‘5 . D . Qjja e Bed . s‘(i?*Q)‘a = B‘Qr^ 
[*258-2-22 . *260-23 . *206-121] 

*268-231. 1- ; Hp *268 201 . a e D‘i2 . D . e Ded . p\R*Qya = 5‘Qb. 
*258-24. h:Hp *268-2.3. 

(i2*Q)‘a = ^ (a e (T . R“<r C <r • s“Cl ex‘<r C <r . 3, . /9 e <r) 

Dem. 

h. *258-1-13. *257-1. 3 


h : Hp . 3 . (B*Q)‘a C /§ (a e <r . R“<r C <r . s“Cl ex ‘<7 C <r . 3, . ^ e <r) (1) 

h . *257-123 . 3 h ; Hp . 3 . B“(/2*Q)‘« C (JB*Q)‘a (2) 

H. *268-22. 3 h ; Hp. /*C(ii*Q)‘a.a !/[t . 3 (3) 

h . *257-12 . 3 I- : Hp . 3 . a e (ij*Q)‘a (4) 

h.(2).(3).(4)^.3 

h :. Hp : a e «r . R“<r C a- . s“Cl ex'o- Co- . BeaiO . B e {RpQyw (5) 
h . (1) . (5) . 3 h . Prop 


*268-241. h : Hp *258 201 . 3 . 

(E* Q)‘a = ^ (« e <r . .B‘V C «r . p“Cl exV C <r . 3. . /3 e <r) 
*268242. I- :Hp *258-202. 3. 

(R*QyX = ^(Z e <7 . .B“<7 C <7- . «“C1 ex'o- C < 7 . 3, . Fe o-) 
*268-243. h : Hp *268 203 . 3 . 

(R*QyX - f (X e < 7 . R*‘a- C <7 . p“Cl ex‘<7 C < 7 . 3, . F e < 7 ) 

*268-3. l-^: Q = ay§ 09 C a . o + /S) . -8f e e^'Cl ex'/* . 

jB = 0)8 (a e Cl ex‘/a . /9 = o - t‘S*o) . 3 . e H . SlQj^^smor Qr^ ^ (— t‘A) 

Dem. 

h.*80-14.3l-:Hp.3. JJCQ.i2eCls-»l.D<iJ-CIex‘p.(7‘i2 = Cl‘/* (1) 


^-.(l). *258-201 

.31-; Hp . 3 . Qr^ € ft 

(2) 

h. *257-35. 

3h;Hp.3.i2tC'‘QB^€l->l. 


[(l)-Hp] 

^.-SrC^Qis^el-*! 

(3) 

1- . *257-14 . 

3l-;Hp.3.C'‘Q**CClV 

(4) 

h . *80-14 . 

3h;Hp.3.a‘/S=Clex> 

(5) 

h . (3) . (4) . (6) . 

3 h : Hp . 3 . smor Qr^ ^ (- t‘A) 

(6) 


h . (2) . (6) . 3 h . Prop 
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[part V 


*258*301. h : H p *258*3 .»€/*.« = « e ‘a; . D . a: = 8*p*K 

Dem. 


h. *2.57*36. 

D h : Hp . D . yLt e - 


[Hp] 

D.a!/c 

(1) 

l-.(l). *258*241 

- D h : Hp . D . p^K e (R^QY/jl . 


[*257*36] 

D.pUeG^QBp. 

(2) 

h . *40*1 . 

D h : Hp . D . ^ ep^K 

( 3 ) 

|-.(2).(3). 

D h : Hp . 3 .p^fceK . 


[*268*101] 

3 ,p‘/c=^ msLXQ*/c 

(4) 

K(4). 

3 h : Hp . 3 . (p‘k — i^S^p^k) *^€k . 


[*257*121.Hp] 

'!> (p^K — I^S^P^k) 

(5) 

l-.(3).(5).. 

3 h : Hp . 3 . it? e i‘8^p^fc : 3 h . Prop 



*258*31. V ; Hp *258*3 . ~ e 1 . D . G^S'^Qr^ = p 
Dem. 

V . *80*14 . D I- : Hp . D . a‘S = Cl ex'/* . 

[*150*36.*257*14] D . S'^Qr^ = S'^Qr^ t (“ • <^‘Qse. D 1“ ‘‘A) C Q'S . 


[*160*22] D . C‘,S;Qb^ = S“C‘Qb^ P (- t'A) . 

[*202*54.*257*125] D . C"^5Qa^ = <S“(C‘Qjj^-t‘A) (1) 

I- . *83*21 . D h : Hp . D . S“C*Qb^ C /* (2) 

I- . *258*241*301 .DI-:Hp.a*€/t.D.a;e S“{(B*Q)‘/i, - t'A) . 

[*257*36] D . a; € S“(G‘Qr^- t'A) (3) 

I- . (2) . (3) . D 1- : Hp . D . S“(G‘Qr^ - t'A) = /* (4) 


h.(l).(4).Dt-.Prop 

*258*32. l-:/t~el.a!eA‘Clex'/*.3./te(7"ft [*268*3*31] ' 

This is Zermelo’s theorem. 

*268*321. h ; Hp *258*3 . . D . S'/S ~ e « 

Dem. 

I- . *250*242 . D I- Hp . D : a = (Qi^).'/S . v . : 

[*257*35.Hp] D ; a C /3 - t'-S')8 D I- . Prop 

*258*33. I- : Hp *258*3 . /* ~ e 1 . P = S'^Qr^ . D . <8 = min/, f* Cl ex'/t 
Dem. 

h. *80*14. D h : Hp. aC/t.g ! a . /S'aea (1) 

f- . *258*321 . 3 h ; Hp (1) . a: e a . D . ~ (g^) . . x = . 

[*160*4.Hp] D.~(a;PS'«) (2) 

h . (1) . (2) . *205*1 . 3 I- ; Hp (1) . 3 . /8‘a minj. a . 

[*268*3] 3 . 8*a = min/.'* ; 3 1- . Prop 
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«258'34. I- ~ € 1 . 3 : 

S € 64*01 ex‘/i . = . (gP) . P 6 ft . C7‘P = . (S = minp f" 01 ex*/* 

[*260-5 . *258-33] 

*268-35. l-;/*e(7**ft. = ./i~ 6 l.a! 64 * 01 ex*/* [*200-12. *250-51. *25832] 

*268-36. h : /* 6 0‘*ft u 1 . s . g ! 64*01 ex*/i [*258-36 . *60 37 . *83-901] 

*268-37. I- : Mult ax . = . 0**ft u 1 = Ols [*258-36 . *88 33] 

*258'38. h :. Mult ax . 3 : Nc*a < Nc*/9 . v . Nc*a = Nc'yS . v . Nc‘a > Nc*/S 
[*255-73 . *258-37 . *117-54-55] 

*258-39. h :: Mult ax . 3 :. /*, i' 6 NoC .3:/t^>/.v./t>i/ [*258-38] 



*269. INDUCTIVELY DEFINED CORRELATIONS. 


Summary of *259. 

In the theory of well-ordered relations, we often have occasion to define 
a relation (which is generally of the nature of a correlation) by the following 
process: Given a relation 8^ let be a relation (generally a couple) which 
is a function of 8, Let us put 

W^8, 

Then, starting from A, we form the series 

A, ^ jp^A, Aj^^ A-^^]Sk.y etc., 

each of which contains all its predecessors. We proceed to the limit by 
taking the sum of all these relations, h\Ayf)^^K\ we then proceed to 

A Ay and so on, as long as possible. The sum of all the relations 
so obtained is a function of TT, and is often important. 

As an example, we may consider the correlation of two well-ordered 
series P, Q, which is dealt with in *259*2 — *25 below. In this case, we put 

W=tf{X = seqp'D'T i seqg'a'T}. 

Hence W‘k = AjffK = B*P = 

w‘ ^ = Ip 4 Iq ® 2p ^ 

and so on. 

Proceeding in this fashion, we can continue until one at least of the 
two series P, Q is exhausted. We thus obtain a new proof that, of any two 
well-ordered series, one must be similar to a section of the other. 

For convenience of notation, let us put temporarily 
A==8^{S(iT,8^T) Dft. 

We then have A a trans . AjircRPA a Cls— > 1, which is part of the 

hypothesis of *257*27 and following propositions. The rest of this hypothesis 
follows by analogy from *258*14. We now put 

W^^sHAw^AYA Df. 

Then correlates the whole of P with part or the whole of Q, or vice 
versa. This is proved in *259*25, below. 
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For other values of IT, we get other results, often of a useful kind ; for 
example we shall have occasion to use the methods of this number in i|e273, 
which deals with series similar to the series of rationals. 

The present number gives, first, some elementary properties of il)^A 
and for a general relation W, concerning which we only assume that 
W^S is never contained in S, i.e. W a(G) = A (except in *259121*13, where 
we also assume TTcl— >01s). We then proceed to deal specially with the 
case where 

Tf = ZT {Z = seqp^D^T i seq^^a^T} 

as explained above. 

»26901. A^‘^T(SQT.S=^T) Dft [*259] 

*26902. A^ = sf(T==SK>W‘S) Dft [*259] 

*25903. W^ = 8‘{AjyitAyk Df 

In the following propositions, which result from those of *258, it is 
essential to have A^r(^A. For this we require that W^S, when it exists, 
shall not be contained in S. It will be observed that, according to the above 
definition, 

A^r=.^f{8(lT\ 

Hence instead of using G ” as a relation, which is notationally awkward, we 
shall use A^, Thus the condition we wish to impose upon W is that we are 
never to have {W^8)A^8. This is insured by 

W n A^^A, 

which accordingly appears as hypothesis in the following propositions. 

*269*1. h> : di € B,VJ n trans . It^ € 1 Cls : 

W n A^ = A - D - d 6 Rl^d A Cls — > 1 . d (d A) 6 fl 

Dem, 

As in *258*14, h . It^ e 1 Cls (1) 

h . *201*18 . D h Hp . D : MW8.'^ . GS) (2) 

h . (2) . (*259*02) . D h Hp . D : 8AjyT . D . SG T. 5+ T . 
[(*259*01)] ^.8AT (3) 

h . (1) . (3) . *258*202 . D h . Prop 

In the following proposition, the notation d(diip. A) is that defined in 
*257*02, adopted because Aw cannot conveniently be used as a suffix. 
*269*11. h:E! TT^A. FAd* = A.D. 

=^^Cnv^d {Aw. A).5''CP(d^*d)^AC(d^*d)^A 

Dem, 

h . *258*242 . *259*1 . D h : Hp . \ C (d ^*d)^A .D.s^Xe (d^p*d)^A (1) 
l-.(l). Dh:Hp.D. TF^6(d,p*d)'A (2) 

h . *41*13 . D h : Hp . T 6 (d „.*d )'A - TT^ . D . Td W. (3) 

h.(l).(2).(3).Dh.Prop 
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#269111. I-:. WnA^ = A.S,T6(Aw*AyA. D’.SQT.V .TQS 
[#259-1 . #257-36] 

#269 12. I- ; S e D‘.4 ^ . E ! Tr‘5 [(#259 02)] 

#269-121. h : TTe 1 Cls . D . DM d' [#25912] 


#269122. h : W f\ A^ = A.xW^y.\=(Afr*AyAf\T {'>^(xTy)} .'^.a;{W‘s‘X)y 
Dem. 

h. #259-11. Dt-:Hp.D.i‘\€(^^f.#.4)‘A. (1) 

[Hp] D . s‘\ e X (2) 

h . (1) . (2) . #257-3 . D h : Hp . D i s‘\ 6 DM ^ . 

[#259-12] D . E ! W‘s‘X (3) 

l-.(3). 3h:Hp.D.(s‘\)^(il^‘i‘X>. 

[#257-121] D.^^‘s‘Xe(^^#^)‘A-X. 

[Hp] D.a;(Yl,>.‘s‘X)7/ (4) 

h . (2) . (4) . D h ; Hp . D . ~ {a; (s‘X) y] .x{A if-'i'X) y . 

[(#259 02)] D . a; ( IF's'X) y : D 1- . Prop 

#269-13. I-: A. TF€l->Cls.D. = i‘>r“(^^#^)‘A 

Devi. 

h.#259-122.Dh:Hp.D. G i‘Tf“(al^#^)‘A (1) 

h . #257-123 . D t- : Hp . D . s‘W“{A ,k#4)‘A G (2) 

h . (1) . (2) . D h . Prop 


#269-14. W f\ = A : (S e (J. ^# A)‘A n 1 — > Cls n Q‘ F . Dg . 

F‘/Sfel->Cls.a‘<Srna‘F‘,S = A:D. F^el->Cls » 

Dem. 

h . #71-24 . (#259-02) . D h Hp . D ; 

S€(al^#A)‘Anl->Cls.D. A^M€(AH^#al)‘Aftl->Cl8 (1) 
H. #259-111. Dhr.Hp. <Sf, re(al^#A)‘A. D:5fGr. V. rG>S (2) 

H . (2) . D h ’.^T^.XQ{Afy^AyK.x{s‘X)z.y(s‘\)z.O,{'^T).Te\.xTz.yTz (3) 
f" . (3) . 3 h : Hp . X C {A;y^AyK n 1 — » Cls .x{s‘X)z. y(s‘X)z . .x = y (4) 
h . (4) . 3 I- : Hp . X C (A ^r*Ayk n 1 — » Cls . 3 . s‘X € 1 — > Cls (5) 

h . (1) . (5) . #258-242 . 3 h : Hp . 3 . (al„.# A)‘A C 1 -4 Cls . 

>259-1 1] 3 . F^ e 1 -> Cls : 3 1- . Prop 

*269-141. 1-:. FAA^=.A:-Se(A^*a4)‘AftCls-*lna‘F.35. 

FMeCls->l .DMaD‘F‘S = A:3. F^eCls-*! 
[Proof as in #25914] 
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*259'16. h TF n A : 8 €{Ajfr*AyA. a 1 1 a Q'TT. Dg. 

]F‘£f 6 1 -♦ 1 . A D‘ 1F‘/S = A . Q'fif A a‘ fT'/S = A : D . e 1 1 

[*26914141] 

The following proposition is a lenama for *273‘23. 

*26916. h:.F«SA» = A:re(A,p*A)‘AAa‘lF.PCD‘2’=r;Q.Dr- 
Pp(A^‘T) = (i'^‘2’);Q:D: 

P ^ D‘ IF^ = WJQ ; Tc (A ^* A)‘A . ^ D I>‘P = 

Dem. 

I- . *259111 . D h Hp . X C (A,^* A)*A . 3 : 

* (P ^ D‘PX) y . = . (gP) .TeX.xiPl D‘P) y (1) 

h.(l).Dh:.Hp.XC(A^*A)‘A:PeX.Dr--PDI>‘P= PJQ:D: 
a; (P ^ D‘i‘X) y . s . (gP) .T e\.x(T>Q)y . 

[*259111] = . (g<Sr. P) . P 6 \ . a: (&’ I Q 1 2 S y . 

[*1501] =.a:{(s‘X);Q}y (2) 

l-.(2).*258-242.Dh:Hp.P€(A,y*A)‘A.D.P^D‘P=P5Q (3) 

1- . (3) . *25911 . D h . Prop 

The two following propositions are lemmas for *273‘22'212. 

*26917. I-:. TFAA„j = A:5re(A^*A)‘AAa‘F.Ds. 

a‘/S A a* F‘-S =. A : D . a [ (A ^* A)‘A e 1 -♦ 1 

Dem. 

V . *250-242 . *257-36 . *269-1 . D 

(-:.Hp.£f,Pe(A»,*A)‘A.<Sf+ P. D : i„,‘/gC P. v . Ajk'PG «g ; 

• [(*259-02)] D : Q' W*S C Q'P . v . Q* F‘P C O'S : 

[Hp] 3 : a‘/S + a‘P D I- . Prop 

*269-171. h F A A* = A : /S e (A »r*A)‘A a a* F . 3^, . 

D‘<S A D‘F‘<S=. A : 3 . D |‘(A,p*A)‘A e 1 -♦ 1 
[Proof as in *26917] 

*269-2. h: F-ii*{Z = seqi,‘D‘P4,8eq<,*a‘P}.3.F^el-»l.FAA#=A 
Dem. 

l-.*72182.3l-:.Hp.3:Pea‘F.3. F‘Pel-*l (1) 

h. *206-2. 3h:.Hp.3;Pea‘F.3.D‘PAD‘F‘P=A.a‘7’Aa‘F‘P=A (2) 
1- . (2) . *56-134 .3h:Hp.Pea‘F.3.~( F‘P G P) (3) 

I- . (1) . (2) . (3) . *269-16 .31-. Prop 


8 
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*269-21. I- : Hp *269-2 . G J . D . C P . D‘ C a‘P . a‘ C C‘Q 


Dem, 

*206-133. Dl-:Hp. rea‘F.D.(F‘T);Q = A (1) 

I- . *206-21 . D I- : Hp (1) . D . e Q“a‘T . 

[*37-461] D . ( F‘P) I Q I P = A (2) 

*206-18. Dh;Hp(l).D.D‘^„rCC'‘P (3) 

h . (3) . *41-43 . *258-242 . D f- ; Hp . D . D‘ F^ C O'P (4) 

Similarly h : Hp . D . H' F^ C (5) 


I- . (4) . *206-1.32 . D 1- : Hp (1 ) . Pc ,P*^)‘A . 3 . seqp‘D‘Pc p‘P“D‘P . 
[*40-16] D . seqp‘D‘P e j)‘P“P“'5'seqQ‘a‘P . 

[*40-67] D . (P“‘Q‘8eqo‘a‘2’) t I'seqp'D'P G P (6) 

I- . (1) . (2) . (6) . D 1- : Hp (1) . Pc U T>Q G P.:).{Anr‘T)>Q G P (7) 
h . *259-111 . D h \ C (A,p*4)‘A . x {(s‘\)5Q} y . 3 

{' 3 _T).Te\.x(T>Q)y:. 

[*1 1-62.*10-23] D ;. P c \ . Dp . P;Q G P ; D . ajPy (8) 

h. (8). Comm. D I- \ C(il,p*^)‘A : PcX.Dp . PJQ GP : D.(s‘X);QGP (9) 
1- . (7) . (9) . *258-242 . D I- :. Hp . D : P e w^Ayk . D . PJQ G P : 

[*259-11] 3:F^;QGP (10) 

h . (10) . (4) . (5) . D I- . Prop 

*269-211. h : Hp*259-2 WJP G Q [Proof as in *25921] 

*269 22. H : Hp *259-2 . P c connex . D . D“(A ^*j 4)‘A C sect'P 

Bern. ^ 

I- . *21 1-22 . D f- : Hp . P c a‘ F . D‘P c sect'P . D . D‘A e sect'P (1) 
I- . *211*63 . D !■ : D“\ C sect'P . 3 . D‘s‘X c sect'P (2) 

1- . (1) . (2) . *258-242 .31-. Prop 

*269*221. 1- ; Hp *259-2 . Q c connex . 3 . (l‘\A ^*il)‘A C sect'Q 

*269-222. I- : Hp *259 2 . P e Ser . E ! P‘P . Q» G J . P e ( A ^*il)‘ A . 3 . 

P;Q c 0‘P, [*259-21-22 . *213161] 

*269-223. I- : Hp *259*2 . Q c Ser . E ! 5‘Q . P» G / . P c (A ^* A )‘A . 3 . 

PJPcO'Q, 

*269-23. I- ; Hp *259*2 . P. Q c Ser n H'P . P c (A „,* A)‘A . 3 . 

(gif, N).M€ C*P, . N c C‘Q, .TeM smbf N [*259-2-21-222*223] 
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#269-24. h Hp #259 2 . P, Q c O . D : D‘ . v . Q' If ^ 

Dem. 

f-. #206-18. Dl-:Hp. P = A. D. Tr^ = A (1) 

l-.#206-18.Dh:Hp.(2=A.D. F^ = A (2) 

I- . (1) . (2) . D h Hp : P = A . V .Q = A:D:D‘ = O'P.v.a'lf^ = C‘Q (3) 
h . #259-11 . #257-36 . D h : Hp . a I P . g ! Q . D . ~ e D‘^ . 

[#259-12] D . ~ (E ! seqp'D' . E ! seq^'a* F^) (4) 

h . (4) . #252-1 . #259-22-221 . D 

h:.Hp.a!P.a!Q.D:D‘F^ = C'‘P.v.a‘F^ = C'‘Q (5) 

h.(3),(5).Dh.Prop 

#259-26. I- Hp #259 24 . D : (gjS) • )S e sect‘Q . F^ e P smor (Q t ^) . v . 

(a®) . a € sect'P . F^ e (P D ®) smor Q [#259-23 24] 

The above affords a new proof of #254-37, which asserts that if P and Q 
are well-ordered series, one must be similar to a section of the other. In 
virtue of #259-25 (which has been proved without using the propositions of 
#254), Wji is the correlator which correlates the whole of one series with 
part or the whole of the other. 

It will be observed that the relations (A jyittAyA are the class of corre- 
lators of sections of P with sections of Q, provided P, Q e ft — i‘A ; i.e. 

I- : Hp #259 2 . P, () e ft — t‘A . 0 . 

(A jy* Ayk = 7* {(aitf, N).M€ C‘P, . Ne C‘Q, . TeMsimr if}. 



SECTION E. 

FINITE AND INFINITE SERIES AND ORDINALS. 

Summary of Section E. 

In the present section we shall be concerned first with the distinction of 
finite and infinite as applied to series and ordinals. We shall then establish 
the distinguishing properties of finite ordinals, and shall deal with the 
smallest of infinite ordinals, namely o), the ordinal number of a progression. 
Finally we shall briefly consider certain special ordinals, and the series of 
cardinals applicable to well-ordered infinite series, namely the series of 
‘*Alephs,** as they are called after Cantor’s usage. 

In dealing with the finite and the infinite as applied to series, we have 
constant need of the relation (Pi)po> where P is the generating relation of 
the series. We have 

X (Pi)po y . = . P (a? I— y) € Cls induct — 

i,e. ‘‘ a? (Pi)po y holds when, and only when, there is a finite number of 
intermediaries between x and y. When P is finite, we have 

P = (Pi)po» 

but we may have this when P is not finite. The infinite series for which 
this holds are progressions and their converses (which we will call regres- 
sions), and series consisting of a regression followed by a progression, of which 
an instance is afibrded by the negative and positive finite integers in order 
of magnitude. 



*260. ON FINITE INTERVALS IN A SERIES. 


Summary of *260. 

In the present number we are concerned with the relation which holds 
between x and y when the interval P(x^y) is an inductive cla.ss other than 
A, or when the interval P(xh^y) is an inductive class of at least two terms. 
This relation holds if x and y have any relation of the class fin^P (defined in 
*121).' We will call this relation Thus we put 

P,„ = i^fin^P Df. 

Then xPf^y holds when xP^y, where v is an inductive cardinal other 
than 0 (*260’1). This relation will take us from x to any later term which 
can be reached without passing to the limit. But if in the interval P(a7^-Hy) 
there is any term which has no immediate predecessor, Le, any member of 
C^P — Q^Pi, then we shall not have xPf^y. Thus Pf^ confines us to terms 
which are at a finite distance from our starting-point. We shall find that if 
P € ft, a necessary condition for the finitude of P is p=p,.. This is not 
a sufficient condition, since it does not exclude progressions, but these are the 
only infinite series it admits, and these are excluded by the assumption 

EIP^P. 

Although Pfn is not in general serial when P or P^ is serial, it becomes 
serial when confined to the posterity or the ancestry or the family of any 
term with respect to itself (*260*32'4). When a series P b well-ordered, the 
whole series can be divided into constituent series, each of which is the 
family of any one of its members with respect to Pi. (except when P has 
a last term which has no immediate predecessor, in which case this last term 
must be omitted). (Cf. *264.) Each of these series (except the last, possibly) 
is a progression, and the last is either finite or a progression. Hence every 
infinite well-ordered series consists of a series of progressions followed by 
a finite tail (which may be null); hence.the cardinal of the field of an infinite 
well-ordered series is a multiple of Nq. These results will be proved later ; 
for the present we are concerned with the proof that the family of any term 
with respect to Pf^ is a series of which. the generating relation is Pi. with 
its field confined to that family. 
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In the present number we are chiefly concerned with the relations of 
to Pj. We have 

^260*27. h:Ppo6Ser.D.P,, = (P0po 

This proposition will be used very frequently throughout this section. 
Without any hypothesis we have 

*26012. h.P^^GPpo 

We have also 

*26016. KP,„ = (PpX 

Hence whatever properties of P^^ result from the hypothesis that P is 
a series will result from the weaker hypothesis that Ppo is a series. 

If Ppo is a series, Pfn is contained in diversity and is transitive (*260*202), 
but not in general connected. 

In comparing Pf^ and (Pi)po» we constantly need the proposition 
*260 22. h : Ppo € Ser . D . (P^i = A . P^ e 1 1 . (P^po C J 

From *260*3 to the end of the number, we are concerned with the result 
of limiting the field of to the ancestry, posterity or family of some 
member of its field. We have 

*260*33. h : Ppo € Ser . oc e D^Pi . Pi = P . D . 

Pfn P yj Pfn^OS) = (R^^x) '] Ppo = {{R^^x) '\ Pjpo = {P P (Ppo^^)}po 

*260*34. h : Hp *260*33 . D . {P^n 

*260*01. Pfo = 5^fin^P Df » 

*260*1. h : icPfn y • = - (gi^) - V e NC induct ~ . xP^y 

[*121*121. (*260*01)] 

*260*11. h : xPf^ y . = . P(xh’^y)€ Cls induct — 0 — 1 
Dem, 

h. *260*1. *12111. D 

1“ 5 ^Pfn2/ - = - (a*^) •ve^C induct - t^O . P(a?HH 3 /) e iz-f^ 1 . 
[*120*472] = . (a/^) . /Lt 6 NC induct — t^O - . P (a; m y) e /a • 

[*120*2] = . P (a? M y) € Cls induct — 0 — 1 : D h . Prop 

*260*12. h.P,„CPpo 
Dem, 

h . *121*321 . *117*511 . D h : i; € NC induct - t'O . D . P, G Ppo (1) 
h . (1) . *260*1 . 3 h . Prop 
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^260*13. h : y n D . P (a; t— j/), P (a? -h y) e Cls induct — t^A 

Dem, 

h .^|t260‘12 . *121*21*22 . D h : Hp . D . P {x)—y),P {x—\y)€-‘ (1) 

h . *91*64 . (*121011*012*013) . D 
h . P (a? h- 2 /) C P (a; hH y) . P (a? -H y) C P (a? 2 /) . 

[*120*481.*26011] D h :’Hp. D . P(ajh-y), P(a?-Hy)eCls induct (2) 

l-.(l).(2).Dh.Prop 


*260*131. t" Ppo G/. D : xPf^y , = . P(a?H-^)eCls induct — . 

= . P (a? — ^ 2 /) 6 Cls induct ~ i^A 


Dem. 

h . *121*22 . D h : P (a?h-2/) € 01s induct — PA . D . ^xiP^y . (1) 

[*121*242. *9 1*54] D . P(a?i-Hy) = P(a;i— y) w 

[*120*251] D . P (a; HH 2 ^) € Cls induct (2) 

h • (1) . *121*242 . D h : Hp • Hp (1) . D . a?, 2 / e P (a? hh 2 /) . a; =j= y • 

[*52*41] D . P (a? M 2 /) € 0 u 1 (3) 

h . (2) . (3) - *260*11 . D h : Hp . Hp (1) . D . xPfj^y (4) 

Similarly I- : Hp . P (a? -h 2 /) € Cls induct . D . xPf^y (5) 

h . (4) • (5) . *260*13 . D h . Prop 


*260*14. 

Dem. 


h:P6(Cls~^l)u(l-^Cls).Pi^G/.D.P,„ = Ppo 

h . *121*52 . D h : Hp . D . Pfinid^P = P^ . 
[(*260*01)] D.P,„ = P*^P, 

[*121*302] =P^-^/|^C^P 

[*91*541] = Ppo : 3 h . Prop 


*260*16. H . Pf„ ^ (Ppo)fn [*260*1 . *121*254] 

*260*16. h . (P)f„ = Pfp [*260*1 . *121*26] 


*260*17. b : Ppo € Ser . xP^^y . 3 . P (a? hh 2 /) = G^{P^ D 3/)) • 

x^B^ (Ppo D P (a? M 2 /)} . y = P^Cn {Ppo p P (a? m y)] 


Dem. 

h . *121*242 . 3 h : Hp . 3 . a?, y 6P(a7i--iy) . a7 4=y ■ (1) 

[*52*41] 3.P(a;My)«^€l. 

[*202*55] 3 . C^{Ppo tP {x hH y)} = P (a; M y) (2) 

h . *91*542 . 3 h Hp . 3:^eP(a?My).^=|=a;.3.a; {Ppo D y)l ^ • 
[(1).*205*35] 3 : a; = min {PpoP-P(^P^-^y)}^P(^^'*^-^ 2 /) : 

[(2).*205*12] 3 :a. = P^{PpoD^(^‘-^y)} (3) 

Similarly h : Hp . 3 . 2 / = P^Cnv^{Ppo ^ P (a; m y)] (4) 

h . (2) . (3) . (4) . 3 h . Prop 
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The following propositions are concerned in proving that if Pp^fSer, 
Pf„==(Pi)po and P„ = (Pi)v. Note that ‘ ar (Pi)poy ” means that we can get 
from 07 to y by a finite number of steps from one term to the next> so that 
the series contains no limit-points between x and y. The relation “a? {Pi\y ” 
means that intermediate terms 

••• el 

can be found, each of which has the relation P^ to its neighbour, and such 
that xP^Zi and z^^iPiy. Thus we have to prove that, provided Ppo is a series, 
this occurs when, and only when, the number of terms in the interval 
P(a?My) is p+ol. 

4(260*2. h : Ppo 6 connex . xP^y . yP^z . P (x^ z) ^ P {xv^y) \j P {y z) 
Bern, 

h . 9K201'1415 . D 1“ : Hp . D .P(o7hHy)CP(a?hHir) .P(y M^)CP(o7M2r) (1) 


1“ . 91(202*13*103 . D 1- Hp . xP^w - D : wP^y . v • yP^w (2) 

h . (2) . *121*103 . 3 

.weP(xi-*z).0: xP^w . wP^y . v . yP,,w . wP^z ; 

[*121'103] '^'.weP(xi-*y)\tP{yi-iz) (3) 

h . (1) . (3) . 3 H . Prop 

«260'201. y : Ppo € conaex . 3 . P,n e trans 
Dem. 

y . *260’12 . 3 H : xP^^y . yPfnZ . 3 . xP^y . yP^^z (1) 

h.(l).*260-2.3 

h ; Hp . xPtr,y . yPhZ • 3 .P(x^z)=‘P(x\r^y) \jP{y\-iz) . (2) 

[#260‘ll.#120'7l] 3.P(a;M^:)eCls induct (3) 

l-.*60-32-371 .3h:oe0 wl./3Co.3.^e0w 1 ; ^ 

[Transp] 3 h 0 u 1 . /3Ca. 3 . a~e 0 w 1 (4) 

I-. (2). #26011. 3 

h : Hp . xPt^y . yP^z . 3 . P (a;My)~e 0 w 1 . P (xt-ty) C P (xmz) . 

[(4)] 3 . P(a:M^:)~e0 w 1 (5) 

h . (3) . (5) . #260*11 . 3 h : Hp . xP^y . yP,^z . 3 . xPt^z : 3 h . Prop 

#260*202. !■ : Ppo e Ser . 3 . P^, e RPP n trans 
Dem. 

I-. #260*12. 3H:PpoGJ. 3. P,„GP (1) 

h.(l). #260*201. 3 H. Prop 


We shall not have in general Ppo e Ser . 3 . P,„ e Ser, because P,„ is in 
general not connected. P,p only relates two terms which are at a finite 
distance from each other, and hence divides P^ into a number of mutually 
exclusive parts. We shall only have Pj„ e Ser when every interval in the 
series is finite. 
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*26021. 

H : Ppo e Set , xP^y . yP^z . D 

. P {xv-^z) = P (a?My) \j i*z 


Dem, 




h. 

*121-304.Dh:Hp.3.P(y 

hH 2^) == i^y SJ L^Z 

( 1 ) 

V. 

*121-242 . D h ; Hp . D . 2 ^ 6 jp 

\^^y) 

( 2 ) 

h. 

1 *260-2 . D h : Hp . D . P (a: 

hH5) = P(a7My) SJ P(yh^z) 


[( 1 ).( 2 )] 

= P (a? hH y) u 6 ^ 2 : : D h . Prop 

*260-22. 

1- ; Ppo e Set . D . (Pi)i = P, . . 

Piel-»l.(Pi)poeP 


Dem. 





h . *121-254 . D h . Pi = 

-(Pvo)l 

( 1 ) 


H . (1) . *204-7 . D 1- : Hp 

. D . P, 6 1 1 

^ 2 ) 


h . *121-305 . D 1- : Hp 

. D . P, G P . 



[*91-59] 

^ • ('f^i)po ^ -Ppo • 



[*204-1] 

D.(P,)poGJ 

(3) 


h.(l).(2).(3).*121-31 

. D h . Prop 


*260-23. 

1- : Ppo e Ser . v e NC induct . 

D.(P 0 . 6 l.->l 



[*121-342 . *260-22] 



*260-24. 

1" : Ppo 6 Ser . v e NC induct . 

00 {P i)»/ y *00 (P 2 ^. 3 . yP iZ 


Dem. 





1- . *121-35 . *200-22 . D 1- : Hp 

. 3 . a? {(Pi)„ \Pi]z e 



[*341] 

3 • ^{P\)v'U) - v)P^z . 



[*260-23. Hp] 

3 . yPiZ : 3 h . Prop 


*260-25. 

1- : Ppo e Ser .R — Pi. xR^y . 

3 . P (a? M y) = P (a? hH y) 



Dem, 

h . *260*24 . D 1“ : Hp . i/ eNC induct . xR^y* xR^^^iZ ,P{xv-^y) — R{x\-\y) . D . 

yRz . P{xy^~^y)^R{x\^^^y). 

[*260*21] nP{x\r-\z)^R{x\-Ky)\j i^z 

[*260*22.*121 *371*304] ^R{x^z) (1) 

h . (1) . D h Hp . i/ eNC induct : xR^y - Dy . P(«My) = iJ(^My) : D : 

xR)p^^\Z m m P ^X HH Z^ Rt (x HH Z^ 

h . *121*301*22*242 . D h : Hp . xRoy ,D . P{xv^y)^ Px=== R(x^y) (3) 
h . (2) . (3) . Induct . D 

h Hp . D ; 1 / € NC induct . xR^^y . D . P (a? hh y) = P (a; i-h y) : 

[*121*12] D : fii efinid^P . xSy • D . P(a7h-iy)== P(fl?My) : 

[*121*52.*260*22] D : xR:^y . D . P(ajny) = P(ajMy) D h . Prop 

In the above proposition, “Induct** refers to *120*13. The of 

*120*13 is replaced by 

xR(y • Dy .P(a?My) = P(a;i-Hy). 


R. & w. in. 
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Thus (2), in the above proof, is (when v is replaced by f) 
fcNC induct. +ol), 

and (3) is 

Hence, by *12013, we have 

a € NC induct . D . ^a, 
i,e, V € NC induct . D : . Dy. 22 

which is the inference drawn in the above proof. 

Wherever “ Induct ” is given as a reference, it indicates a process such as 
the above, making use of *12013 or *12011. 


*260-261. h : e Ser . D . (P^po C Pf^ 

Bern. 

h . *260*26 . D h : Hp . 22 = Pi . ocR^^y . D . P (a? hh y) = P (a* hh y) , (1) 

[*121-45.*260-22] D . P (a? m y) e Cls induct (2) 

h. *121-242.(1). *260*22.3 h:Hp(l).D. a;, ye2'^(a;My).^4=y. 
[*52-41] 3.P(a;HHy)^e0ul (3) 

h . (2) . (3) . 3 h : Hp . x (Pi)po3/ . 3 . P (a? i-i y) e Cls induct — 0 - 1 , 
[*260*11] 3 . a?Pfny : 3 h . Prop 

*260*26. h :. Ppo € Ser ,R^Fi, xR^y . 3 : xP^y . = . xR^y 
Bern* 

h . *260*25 .3 1“;. Hp . 3 : P (a? m y) = P (a? kh y) : 

[*121*11] 3 : xP^y . = . xR^y :. 3 h . Prop 


*260*261. h : Ppo e Ser . v e NC induct - . xP^y . xP^^^^z . 3 . yP^z 

Bern, 

h .*12111 . 3 h : Hp. 3 .Nc^P(a?H-iy) = i/+c 1 • Nc'P(a?M^) = i;-f-o2 . (1) 


[*120*32] 3-2/ + ^ 

h . (1) . *120*428 . 3 h : Hp . 3 . Nc'P(a;M^) > Nc^P(a;My) . 
[*ll7*222.Transp] 3 . }P(a?HH^) C P (ajMy)} . 

[*121*103.*20114*15] 3 . (zP^ y) m 

[*202103] 3.2/Ppo^. 

[*202*171] • P {x^z) = P {x\-\y)\j P {y —{ z) . 

[*120*41 .(1).(3)] D.P(y-i^)el. 

[*121*242.(2)] D.P(yh-t^)62. 

[*121*11] D . yPi^ : D h . Prop 


( 2 )* 

(3) 


* 260 * 27 . H;Pp<,€Ser.D.P,„ = (P 0 po 

Dem. 

H . *260*261 . D h ; Hp . 1 / e NC induct - 1‘0 . xP,y . xP,^^^z . x (Pi)poy • D . 

yPiZ , X (P i)po 2 / . 

D . X (P i)po^ 


[*91*511] 


( 1 ) 
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h.CD.Dhi.Hp.veNC induct - 1 ‘ 0 ; xP,y .Oy.x (Pi)po 2 / '• 3 : 

xP z X (JP i)pf,z (2) 

I- . *91-502 . D 1- : xP^y .li.x (P,)^y (3) 

h . (2) (3) . *120-47 . D I- Hp . D ; i/ e NO induct — 1‘0 .0„.P,<1 (Pi)po • 
[*260-1] D:P,„C(P.)po (*) 

h. (4). *260-251. DI-. Prop 

*260 28. I- ; P,x> e Ser . v e NC induct — 1‘0 . D . P» = (P,)„ = (Pfn)i- 
Dem. 

I-. *260-26. DI-:.Hp.D:a;(P,),^y.a:P,y.s.a:(Pi)poy.a5(P,).,2/ (1) 

h . *2601 . D I- : Hp . xP^y . D . xPf„y . 

[*260-27] 3.*(P.)poy (2) 

t- . *121-321 . 3 I- : Hp . x{P^,y . 3 . a; (Pi)poy (3) 

h . (1) . (2) . (3) . 3 I- :. Hp . 3 ; xP,y . = . x (Pi),y (4) 

I-. *121-254. 3l-.(Pi), = KP.)pol.. 

[*260-27] 3 I- : Hp . 3 . (P,). = (Pf„). (5) 

I- . (4) . (5) . 3 1- . Prop 


The above proposition does not hold in general when i/ = 0, for if P is a 
compact series, Pj = A, so that (Pi)o = A, but Po = / f- C‘P. 

*260-29. h : Ppo e Ser . xP,„y . 3 . P (a : hh ^) = Pi (a; m y) = P,„ (a; m y) 

Dem. 

I- . *260-27-25 . 3 I- : Hp . 3 . P (a; w y) = Pi (ar w y) 

[*121-253.*260-27] = P,„ (a; m y) : 3 h . Prop 

The following propositions are mainly concerned with the result of 
confining the field of Pf„ to the posterity of a single term. 

*260-3. 1- : Ppo € Ser . 3 . D‘P,p = D'P, . a‘P,p = Q'Pi . G‘P,„ = C‘Pi 

[*260-27 .*91-504] 


*260-31. h : Ppo e Ser . x e D‘Pi . 3 . 

C^‘{Pfn D(t‘« Pfi.‘<»)} =* (Pi)*‘® = l‘x w P,p‘a: 

Dem. 

I- . *260-27 .31-: Hp . 3 . t'a; w Pt„‘x — i‘x u (P,)pg‘x 
[*96-14] ^ 

h . *260-3 . 3 I- : Hp . 3 . 3 ! Pt„‘x . 

[*36-13] ^3 . (ay) . X (P,„ I {i‘x »^fn‘ar)} y 

h . 5|t36‘13 . D I- : 2 / 6 Pfn^^‘ .3-0? {Pfn t ^ Pfn^)} V • 

[*10-24] 3 . (a^) . ^ {Pfn t(i‘x\j Pfn'a;)} y 


h . (2) . (3) . 3 h ; Hp . 3 . 1‘a; w P,„‘x C G‘{P,„ lil‘x w P,„‘a;)} . 


[*37-41] 3 . t‘a; w P,„*x = 0‘{P,„ ^ (l‘x w P,„‘x)} 

I- . (1) . (4) . 3 t- . Prop 


( 1 ) 

( 2 ) 

(3) 


(4) 
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*260-32. htPpocSer.D. 

P,„ ^ (t‘« W P,n‘A-) = Ppo D ■Pfn‘'«) • An t ^ An'®) « Set 

Deni. 

h . *260-12 . 3 H . An An'®) C Ppo D(t'® An'®) (1) 

I- . *260-3 . *200-35 . D 

f- : Hp . a; ~ e D‘Pi . D . Pf„ ^ (I'a: « An'®) = A = Pn„ C (l‘« w Pm'®) (2) 
h . *201-521 . *260-27 . D 

K- Hp . a; 6 D‘P. . D . P,n t (i‘x va K'®) = (A)po t (A V® • 
[*202-14.*260-22]D . P,n ^(t‘a! va Pf^‘x) e connex . 

[*260-202] D . P,„ p (t ‘a! w e Ser . (3) 

[(1).*260-31. *204-41] D . P,n p(t‘a; u K'®) = i^po D(*'® An'®) (4) 

l-.(2).(3).(4).DI-.Prop 

*260-33. h :Ppo€Ser.a:€D‘P,.P, = P. D. 

An D(t'® « K'®) = &'®)1 = {(K'®)1 ^)po = [R r(K.‘®)}po 


h . *260-27-31 . D h : Hp . 3 . P,„ ^(i‘a! w P,„‘x) = 

[*96-16.*91-602] =(P*‘a;)1Pp„ (1) 

[*96-13] ={(^21PU (2) 

[*96-2.*260-22] = {R (3) 

h.(l).(2).(3).Dh,Prop 

*260-34. h : Hp *260-33 . 3 . {P,„ ^ (i‘x u An'®)li = (^‘®)1 i? = -B T X.'® ^ 

Dem. 

I- . *260-33 . *121-254 . 3 

h : Hp . 3 . {An va K'®)}i = {(K'®)1 = (B tX'®}. (1) 

1- . (1) . *121-31 , *260-22 . 3 H . Prop 

The following propositions are concerned with the result of conhning the 
held of Pfn to a single family. 

*260-4. l-:Pp„€Ser.3.P,„CAn'®«Ser. 

<?'( An D An'®) = An'® = (A)*'® • X'® ~ C 1 

Dem. 

I- . *260-27 . *97-17 . 3 h : Hp . 3 . P,„ ^X'® =(A)po D(A)*'a: . 

[*202-15.*260'22] 3 . P,n D An'® « connex . 

[*260-202.*204-42] 3 . A„ ^ An'® e Ser 


(1) 
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h . *9718 .31-. = Kn‘® 

h . (2) . *260-202 . *20012 .31-: Hp . 3 . « 1 

I- . *260-27 . *97-17 . 3 h : Hp . 3 . Kn‘^ = 
h.(l).(2).(3).(4).3l-.Prop 

*260-41. t-:Pp„€Ser.ie = P,.3. 


( 2 ) 

(3) 

(4) 




4-> 


4-> 


D P fn*^ “ -^po D “ (•®**^)1 ~ Pfo 


Dem. 

I- . *260-27 . *97-17 . 3 I- ; Hp . 3 . P,„ ^P,„‘a; = R^t 
<-» 


( 1 ) 


I- . *97-13 .31-: Hp . y e . yR^ z . .ze R^*‘R^‘x w R^‘*R^‘x 
[*92-311.*260-22] 

[*9713.*36-13] 


0 .ze R^‘x u R^‘x . 

^ ^ :>.y(R^t%‘x)z (2) 

h . *35-21-441 . 3 t- . Ppo 6 W*)! R^ (3) 

K . (2) . (3) . 3 h : Hp . 3 . R^ = (X‘^)1 -Bpo W 

' ^ ^ K ^ 

Similarly 1- ; Hp . 3 . Ppo R^‘x = R^o (5) 

I- . (1) . (4) . (6) . 3 I- . Prop 

*260-42. h : Hp *260-41 . 3 . P,„ P)vo = {P rX‘®)po 

Dem. 

1- . *92-32 . *260-22 . 3 h : Hp . 3 . C • 

[*96111] 0 . = {W®)1 ^}po (1) 

Similarly h ; Hp . 3 . Ppo = {iJ t"P#‘«}po (2) 


260-43. 

Dem. 


h . (1) . (2) . *260-41 . 3 h . Prop 
V : Ppo e Set . 3 . 

{^’fn = P. t 'P,n*^ = 1 P. = P. r (i'fn'a’) 

1-. *260-42. *121-264. 3 


<-» 


<-> 




[*121-31.*260-22] 


h : Hp . P = P, . 3 . {P,„ = {(R^‘x)^ P}. 

= (P*‘a:)1P 
[*97-17.*260-27] - 1 A 

Similarly 1- : Hp . 3 . {P,„ = Pi tKii'® 

I- . (1) . (2).*35-ll . 3 1- : Hp . 3 . {P^ ==P, pP^^a: 

l-.(l).(2).(3).3l-.Prop 


( 1 ) 

(2) 

(3) 


Observe that the two series -Pfn D-Pfn^^ and Pfn are either identical 

or have no common terms in their fields. This results immediately from 

9|t97*16, since the fields of the two series are and 



*261 . finIte and infinite series. 


Summary of ★261. 

In this number we define finite and infinite series, and we show that, 
where well-ordered series are concerned, there is only one kind of finitude, 
i,e. there is not the distinction, which exists in cardinals, between ‘‘in- 
ductive’’ and “non-reflexive.” We also give various equivalent forms of 
the distinction between finite and infinite series, and some of the simpler 
properties of each. The propositions of this number are numerous and 
important. 

We define an infinite series as one whose field is a reflexive class, and a 
finite series as one which is not infinite. Thus we put 

Ser infin = Ser n (7‘^Cls refl Df, 
n infin = H A C^^Cls refl Df, 

Ser fin = Ser - Ser infin Df, 
n fin = 12 — ft infin Df. 

We also put, to begin with, 

ft induct = ft A C^^Cls induct Df, 
but in the course of this number we prove 
★261*42. h . ft fin = ft induct 

so that the symbol “ ft induct ” is not required after the present 
number. 

After some preliminary propositions, we proceed (★261*2 fF.) to various 
criteria of finitude and infinity. We have 

★261*26. hi.PeSer.D: 

C^P € Cls induct - . P = . E ! P'P . E ! 

The condition P = P^^ insures that every interval is finite, but this still 
leaves it possible for our series to be a progression, or its converse, or the 
converse of a progression followed by a progression (ie, the type of the nega- 
tive and positive finite integers in order of magnitude). The third of these 
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possibilities is excluded by either E ! B‘P or E I B^P\ the second is excluded 

by E ! B^P, and the first by E ! B^P. We have 

^261-212. h:.P€a.D:a‘Px = a‘P. = .P-(POpo- = -^" = An 

Q‘Pi = Q^P ” means that every term except the first has an immediate 
predecessor. We have 

^261*26. h : P 6 Ser . a C C^P . g ! a . a e Cls induct . D . E ! miiip^a.E ! maxp^a 
and 

*261*27. h P e Ser : a C C^P . g ! a . Da • E ! minp^a . E ! maxp^a : D . 

P = Pjj, . C^P € Cls induct 

whence we obtain 

*261*28. h :: P 6 Ser . D 

a C C^P . g ! a . Da . E ! miup^a . E ! maxp^a : = . C^P e Cls induct 

l,e, a series whose field is inductive is one in which every existent sub- 
class of. the field has both a minimum and a maximum. 

From the above, together with an inductive proof that every inductive 
class which is not a unit class is the field of some series, we obtain 

*261*29. h . Cls induct = 

1 u G^^P [P € Ser : a C G^P . g ! a . Da . E ! minp^a . E I maxp^a} 

= 1 u G^\n n Cnv^^fl) 

The above proposition is interesting as giving an alternative method of 
treating inductive classes. Instead of the definitions adopted in *120, we 
might have taken the above proposition as the definition of inductive classes, 
putting 

N C induct = Nc^^Cls induct Df, 

We should thus wholly avoid the use of mathematical induction in de- 
finitions; hence if such avoidance were in any way desirable, it could be 
secured by dealing with series before introducing the distinction of finite 
and infinite, and then defining inductive classes as the fields of series which 
are well-ordered backwards as well as forwards. The inductive properties of 
such classes would then be deduced from *261*27, together with *260*27, in 
virtue of which we have 

P€llnCnv^‘ft.D.P = (POpo. 

whence, by *91*62, 

h :: P 6 n o Cnv^^Xl . D xPy . = : P/V ^ P • € fi . » y e fi. 

In virtue of this proposition, if 7 is the field of a well-ordered series P 
whose converse is well-ordered, then any property which is inherited with 
respect to Pi belongs to all the successors of co (where a? e 7 ) if it belongs to 
the immediate successor of x. Hence mathematical induction follows. 
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From the above we obtain at once 

^261*31. h P e Ser . D : G^P € Cls induct . = . P, P € H 

Le, series whose fields are inductive are the same as inductive well- 
ordered series, and are also the same as well-ordered series whose convei’ses 
are well-ordered. Hence also we obtain 

^261*33. hrP, Qefl.QCP.D.QeH induct 

I.e, a descending well-ordered series of terms chosen out of a well-ordered 
series must be finite. This proposition, which is due to Cantor, has been used 
by him in many proofs. 

We have 

*261-36. h P 6 fi . D : O^P 6 Cls induct - = Q^P . E ! P'P 

In *253*51 and following propositions we have already had the hypothesis 

Q^Pi = CT^P . E ! P^P, which now turns out to be equivalent to the hypothesis 
that our series is finite and not null. Thus we have 

*261*36. 1- :• P e fl . D : C^P e Cls induct — . = . Nr^P =|= 1 + Nr^P 

*261*4 and following propositions are concerned in proving that a well- 
ordered series which is not inductive always contains progressions, and in 
deducing consequences from this. We have 

*261*4. h : P € flt - fl induct . D . {{P^^^B^P]"] Pi e Prog 

The above proposition is very important, for many reasons. One of its 
most important consequences is that, if P is a well-ordered series which is 
not inductive, its field contains an So, and is therefore a reflexive class 
(*261*401). Hence a class which can be well-ordered is either inductive or 
reflexive (*261*43), and a well-ordered series is either inductive or infinite 
according to the definitions given above (*261*41). Hence where well- 
ordered series are concerned, the two ways of defining finite and infinite 
(namely those in *120 and *124) give equivalent results. This cannot (so 
far as is known) be proved for classes in general without assuming the multi- 
plicative axiom. 

From the above-mentioned propositions it follows that an infinite well- 
ordered series is one in which Pi limited to the posterity of B^P with respect 
to Pi is a progression in the sense of *122 (*261*44), and that any class 
contained in a well-ordered series is either inductive or reflexive (*261*46). 

The number ends with some propositions in ordinal arithmetic. We 
prove that P^ is well-ordered if P is well-ordered and Q is a finite well-ordered 
series (*261*62) ; that if i2 is a finite well-ordered series, and P is less than Q 
(in the sense of *264), then P^ is less than ; and that a finite well-ordered 
series is less than an infinite one (*261*65). 
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^261*01. Ser infin = Ser n C^^Cls refl Df 

*261 02. n infin * H n C'^CIs refi Dt* 

*26103. Ser fin = Ser — Ser infin Df 

*26104. n fin = n — n infin Df 

9|(261‘05. n induct = fl « C“Cls induct Df 

*2611. h : PeSer infin. = .Pe Ser. C'PeCls refl [(*26101)] 

*26111. H: Pen infin. s.P€n.6'‘PeCl8refl [(*26102)] 

*261 12. K : P e Ser fin . = . P e Ser — Ser infin . ^ . P e Ser . C‘P ~ e CU refl 
[(*2610.3)] 

*261 13. h:Penfin.-.Pen-n infin .-.Feil. 6'‘P~eClsrefl 
[(*26104)] 

*26114.. t- : Pe n induct . H . P € n . (^'PeCls induct [(*2610.5)] 

*26115. h : P € Ser infin . P smor Q ,D .Qe Ser infin 
Dem. 

I- . *261 1 . D I- : Hp . D . PeSer . C'PeClsrefl . Psmor Q . 

[*204-21. *151 18] D.QeSer. C‘P e Cls refl . C‘Psm C‘Q . 
[*12418] D. Q € Ser. C‘Qe Cls refl. 

[*261 1] 3 . Q e Ser infin OH. Prop 

*261 161. H : P € Ser infin . D . Nr‘P C Ser infin [*261 15] 

*261162. H : P € Ser infin . h . Nor'P C Ser infin . = . g ! N„r‘P r> Ser infin 
[*261151 .*155-12] 

*261163. H : P e Ser infin . = . (gQ) . P smor Q.Qe Ser infin 
[*26115. *151-13] 

*261*16. H : P e fl infin . P smor Q . D . Q c D infin 

[Proof as in *261-15, using *261*11 . *251*111 . *151*18 . *124*18] 

*261*161. H : Pen infin. D.Nr'P CD infin [*26116] 

*261*162. H : P e n infin . = . Not'P C H infin . = . g ! Nor'P a Ser infin 
[*261*161 .*15512] 

*261*163. H : P e n infin .= . (gQ) . Psmor Q . Q e n infin [*261*16 . *151*13] 
*261*17. H : PeSerfin . Psmor Q . D . Q e Ser nn [*261*15 . Trausp] 

*261*171. t-:PeSer fin .D.Nr'PC Ser fin [*261*17] 

*261*172. H : P e Ser fin . = . N„r‘P C Ser fin . = . g ! Nor‘P a Ser fin 
[*261*171. *155*12] 

*261*173. H : PeSerfin . - . (gQ) . P smor Q . QeSer fin [*261*17 . *151 13] 
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♦261*18. K : Pe flfiD . Psmor Q. D . Qefl fin [♦261*16 , Transp] 
♦261*181. h : P € ft fin . D . Nr‘P C ft fin [♦261*18] 

♦261*182. h : P € ft fin . = . Njf'P C ft fin . = . g ! Njt'P n ft fin 
[♦261*181 .♦156*12] 

♦261*183. H ; Peft fin . = . (gQ) . P^mor Q. Q eft fin [♦261*18 .♦151*13] 

♦261*19. I- : P e ft induct . P sinor Q . 3 . Q e ft induct 

[Proof as in ♦261*16, using ♦120*214 instead of ♦124*18] 

♦261*191. h ; P e ft induct . 3 . Nr'P C ft induct [♦261*19] 

♦261*192. h ; P € ft induct . = . N^r'P C ft induct . = . g ! N^r'P a ft induct 
[♦261*191 .♦155*12] 

♦261*193. I- : P e ft induct . = . (gQ) • P smor Q.QeCl induct 
[♦261*19. ♦ISMS] 

♦261*2. h : Ppo e connex . (B‘P) P,„ (P‘P) . 3 . (7‘P e Cls induct 

Dem. 

h . ♦202*181 . 3 h ! Hp . 3 . C‘P = P (B‘P m B‘P) . 

[♦260*1 l.Hp] 3 . (7‘P e Cls induct ; 3 1- . Prop 

♦261*21. K ; P e connex . P = P,„ . E ! B‘P . E ! P‘P . 3 . (7‘P e Cls induct 
Dem. 

h . ♦202*103 . ♦OS lOl . 3 h : Hp . 3 . (B‘P) P (P‘P) . 

[Hp] 3.(5‘P)P,„(P‘P). 

[♦261*2] 3 . (7‘P e Cls induct : 3 I- . Prop 


♦261*211. I- : P e Ser . 3 . tninp‘{P‘ar - (P.)po‘a;} C a‘P - a‘Pi 

Dem. 

I-. ♦91*511. ♦121*305. 3 

l-:.Hp. 3 : y e P‘x A (P,)po‘aj . yPiZ .3.^6 P‘x a (P,)po‘a; : 

[Transp] 3 : « e P*x - (Pi)po‘a: . yP^z . 3 . y e - P‘x w - (P,)po‘'» (1) 

H . ♦91*502 . 3 I- ; . « e‘P‘x - {P^‘x . 3 : « e P‘a: - P^‘x : 

[♦201*63] 3 : Hp . 3 . xP^z (2) 

h .♦201*63 .31': Hp .a:P*^! . yP\Z . 3 . ~(yPa:) ,y^x . 

[♦202*103] 3 . xPy (3) 

1- . (2) . (3) .31-: Hp . z e P*x — (Pi)po*® • yP\Z . 3 . y e P*x . 

[(1)] 3 • y 

[♦201*63] 3 . y e P‘« a {P‘ar - (Kv«} . 

[♦205*14] 3 .irrweminp‘{P‘a; — (Pi)po‘a!} (4) 

h . (4) . Transp . 3 

— ^ ^ — <— 

h ; Hp . z e minp‘{P‘a: — (Pi)po‘«} . 3 . ~ (gy) . yPxZ : 3 I- . Prop 
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*261-212. h P e n . 3 : Q'P. = O'P . = . P = (P,)p„ . = . P = P,„ 

Bern. 

V . *121-305 . 3 1- ! Hp . 3 . (Pi)po G P 
. (1) . 3 h : Hp . P + (P,)po . 3 . (ga;, y) . <cJPy . ~ j«^i)poyl • 

[*3218] 3 . (ga;) . g ! P'a? - (P,)po‘«^ 

[*250-121] 3 . (ga:) . E ! minj>‘{P‘a: — (P,)po‘a:} . 

[*261-211] 3.gia‘P-a‘P. 

I- . (2) . Transp . 3 H : Hp . Q‘P = C[‘P, . 3 . P = (Pi)po 
h. *91-504. 3h:P = (P,)po-3.(I‘P = a‘P, 

l-.(3).(4). 3h;.Hp.3:a‘P, = a‘P. = .P = (P,)po. 

[*260-27] = . P = P,„ 3 h . Prop 


( 1 ) 


( 2 ) 

(3) 

(4) 


*261-22. I- : P € Ser . 0‘P e Cls ind uct . 3 . P = P,„ . D‘P = D‘P, . Q'P = Q'P 
Dem. 


I-. *260-12. 

*201-18 .31-! 

iHp.3.P,„GP 

(1) 

h. *121-242 

3hi 

! Hp • xPy .D.a7,yeP(fl?My).ic4=y« 


[*52-41] 


D.P(irHHy)<^€0ul 

(2) 

1- . #120-481 

3H 

: Hp . D . P (a; HH y) 6 Cls induct 

(3) 

h.(2).(3). 

*260-11 . 3 H 

: Hp . xPy . D . xPf^y 

(4) 

1-.(1).(4). 


1 Hp . D . P = Pfn • 

(5) 

[*260-3] 


D.D'P=D‘P,.a^p=a^p, 

(6) 

l-.(6).(6). 

3 I- . Prop 




*261-23. h : P e Ser . D‘P, = D‘P . ~ E I P‘P . g ! P . 3 . C'P e Cls refl 
Dem. 

h . *91-52 . 3 h . P.“(KV^ = (^. V® (1) 

H. *91 -54. *260-22. 3 


h : Hp . X € C‘P . 3 . (Pi)#‘a: = l*x w (Pi)po‘® . a; ~ e (POoo*'® (2) 

I-. *93-11. 3h:Hp.3.D‘P, = C‘P. (3) 

[*90-18] 3.(Kv®CD‘P. (4) 

h. *260-22. 31-:Hp. 3. P,el-»1 (5) 


h . (1) . (2) . (4) . (6) . *73 -21. * 91-74 . 3 
h Hp . 3 : a; 6 C‘P . 3 . (P,),|t‘a: sm (Pi)po‘® 



g!(P.V^-(P,)p 


[*124-16] 3 . (P.Va; e Cls refl (6) 

H . (6) . (3) . (4) . 3 1 - : Hp . 3 . g 1 Cls refl « C1‘C‘P . 

[*124-141] 3 . C*P e Cls refl s 3 h . Prop 
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*261-24. h : P € Ser . C/P e CIs ii»duct - t‘A . 3 . E ! P‘P . E ! P‘P 
Dem. 


h . *261-22 . 3 h : Hp . 3 . D‘P= D‘P, . 


[*261-23.Tran8p] 3 . E ! £‘P 

(1) 

l-.tDp. 31-:Hp.3.ElB‘P 

(2) 

1-.(1).(2). 31-.Prop 



*261-26. h P 6 Ser . 3 : C'P e 01s induct - i‘A . = . P = P,„ . E ! B‘P . E I B‘P 
[*261-22-24-21] 

When P = P,„ . E ! P‘P . ~ E ! P‘P, P is a pro^i-ession ; 
wlien P = 7'f„ . E ! P‘P . ~ E ! P‘P, P is a regression 

(i.e. the converse of a progression) ; and when 

P = P,„.~E!P‘P.~E!P‘P, 

P is the sum of a regression and a progression. These propositions will be 
proved in the nc.xt number. 

*261 '26. h : P e Ser . a. C (7‘P . g la.ae Cl.s induct . 3 . E ! min/>‘a . E ! max^'a 
Dem, 

1- .*20517 .31-:Hp.a€l.3.E! min^'a. E ! maxp‘a (1) 

h . *202-55 . 3 h : Hp . a~ € 1 . 3 .u = C\P I a) . 

[*201-24] 3 . E ! B\P ^ a) . E ! P‘Cnv‘(P p a) . 

[*205 42] 3 . E ! min/a . E ! max/a (2) 

1- . (1) . (2) .31-. Prop 


*261-27. .h P e Ser : a C O'P . a ! a . 3a 
Dem. 


E ! min/.‘a . E ! maxp'a : 3 . 

P = Pf„ . G*P € CIs induct 


I- . *250121 .31-: Hp . 3 . P e fl . 

[*250-21] 3.D‘P = D‘P,. 

[*260.3] 3.D‘P = D‘P,„ (1) 


h . (1) . 3 h : Hp . xP,„y . y e D‘P .3.^6 D‘P,„ . a;P,„y . 

[*200-201] 3 . y e P,„‘‘1p,„‘x . 

[*200-1 2.#201 -18] 3.yeP“Pf„‘ir. 

[*205 111] 3.y4=niaxp‘P,„‘a: (2) 

(- . (1) . (2) . Trausp .31-: Hp . xe D‘P . 3 . max/.‘Pf„‘a-= P‘P (3) 
h . *250 121-13 . 3 h : Hp . a ! P . 3 . E ! P‘P . 

[(3)] ■ 3.(/l‘P)P„.(P‘P). 
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[*260-11] 

D . P (P‘P t-t P‘P) e CIs induct . 


[*202-181] 

D . OP € CIs induct 

(4) 

k . *120-212 . 

D h : P = A . D . C‘P 6 CIs induct 

(5) 

K(4).(6). 

DhrHp.D.OPeCls induct. 

(6) 

[*261-22] 

0 

II 

n 

(7) 

h . (6) . (7) . D h . Prop 


*261-28. hiiPeSer.D:. 


a C C^P . a ! a . Da . E ! minp^a . E ! maxp'a : = . C^P e CIs induct 

[*261-26-27] 


*261*281. h : 7 e CIs induct — 1 . D . 7 e C“Ser 


Dem. 



h. *204-24. 

Dh. AeC^^Ser 

(1) 

1- . *52*22 . 

D h . A w £^0? € 1 

(2) 

h. *52-22. 

0 h i X ^ y n D • \J i^y € 1 

(3) 

h. *204-25. 

Dh :x^y .0 • i^x \J L^ye (7^‘Ser 

(4) 

l-.(3).(4). 

Dh . L^x i^y el u . 


[*52-1] 

Dh:7 €l.D. 7W i^y e 1 w C^^Ser 

(5) 

^.*51-2. 

D h : 7 € C^^Ser . y € 7 . D . 7 v € C^^Ser 

(6) 

h. *204-51. *161-14 

1 • D h : 7 € C/^^Ser .a!7 .y^€ 7 ,D. 7U£^ye C^^Ser 

(7) 

h.(6).(7). 

D h : 7 € C^^Ser • a ! 7 • 3*7^ i^y e C^^Ser 

(S) 

h.(2).(5).(8). 

D h : 7 € 1 w (7^‘Ser . D . 7 w e 1 u C^^Ser 

(9) 

l-.(l). (9). *120-26 

. D h : 7 € CIs induct . D . 7 e 1 C^^Ser : D h • Prop 



<k 261'29. • CIs induct as 

1 w C*‘P [P e Ser : a C C‘P . 3 ! a . D. . E ! minp‘a . E ! niaxp'a) 
= 1 w (7“(ft A Cnv“n) 

Dem. 

h . jK261'281 . D h 7 e CIs induct — 1 . D ; (gP) : P « Ser . 7 = (7‘P : 

[*261-28] 

D ; (gP) : P e Ser : a C C‘P . g ! a . D. . E ! min/a . E ! maxp'a : 7 = C‘P : 
[*37-6] D 176 (7“^{P€Ser:«C C'P.g !a. D, . E ! minp'a . E ! maxp'o} (1) 
h . *261*28 . D h P € Ser : 

a C OP . g ! a . D« . E ! min/a . E ! niax/a : 7 » C‘P ; D . 7 e CIs induct 
[*37*6] D H : 76C“P(P6Ser ; aCOP. g ! a. 3. . E ! ininp‘a. E ! max^'a) . D . 

7 « CIs induct (2) 

I- . *120 213 . D I- . 1 C CIs induct (3) 

K(l).(2).(3).3 

h . CIs induct {P e Ser ; a C OP . g ! a . D. . E ! min^'a . E ! maxp'a] 

[*260-121] =. 0‘(n A Cnv“n) . D I- . Prop 
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The following four propositions are immediate consequences ot the 
propositions already proved. 

»261*3. h :: P 6 Ser . 3 

<7‘Pe Cls induct . = : PeXl ; « C (?‘P . g ! « • • E ! max/a 

[*261-28 . *250-121] 

*261-31. h P 6 Ser . D : (7‘PeCls induct. = . P,Pcfl [*261-3 . *250-121] 

*261-32. h . Ser r» C7“Cls induct = SI induct = H a Cnv“Xl [*261-31-14] 

On account of this proposition, we do not introduce the notation “ Ser 

induct for “ Ser n C^*Ch induct,” because a series whose field is inductive 
is •a well-ordered series, and therefore the notation “fl induct” gives all that 
is wanted. 

91 ( 261 * 33 . h:P, Qefl.QGP.D.Qefl induct 
Dem, 

V . 91 ( 204*2 • D h : Hp . D . Q € Ser . Q G P . 

[9k250*14] D . 0 6 Ser o Bord . 

[9k 250*12] 3. Sen. 

[9k 261*32] D • Q € n induct ; D h . Prop 

This proposition (which is due to Cantor) is of great importance in the 
oheory of well-ordered series. It shows that, however great a well-ordered 
series may be, any descending well-ordered series contained in it must be 
finite. (A descending series in a given series is a series contained in the 
converse of the given series.) 

9K261-34. I- ; P € n . a^Pi == Q'P . E ! P‘P . D . G'P € Cls induct 
Dem, 

h • 9 k 250’23 . *214*12 . D h Hp . a C C^P . D : E Z maxp^a . v . E ! seqp^a ( 1 ) 
h . 9 k 206*181 . D h : Hp . a C C^P . ! a . E Z seqp^a . D . seqp^a 6 Q'Pi . 

[9K204-7] D.EZP/seqp^a. 

[*206*451] D . E Z maxp^a (2) 

h . (1) . (2) . 3 h Hp . D : a C G^P . 3 Z a . 3a • E Z maxp'a s 
[*261*3] 3 : C*P e Cls induct 3 h . Prop 

^9,61*36. h P € n . 3 : C'P c Cls induct - 1 * A . = . Q^P, = H'P . E Z B^P 
[*261*22*24*34] 

Observe that GE^Pj « CE'P . E Z P'P ” occurs as hypothesis in *253*61 
and some succeeding propositions. Thus this hypothesis is equivalent to the 
hypothesis that the field of P is an inductive existent class. It follows that 
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if P is an inductive well-ordered scries, Nr*Pf = Nr‘P, whereas if P is a 
well-ordered series which is not inductive, Nr*Pj = Nr‘P-i-l ; also that 


*261*36. 1- P e n . D : O'P e Cls induct - t'A . = . Nr"P + 1 + Nr‘P 
[*253*573 . *261*35] 

*261*37. 1- P e n . D : C7‘P e Cls induct . = . 1 -j- Nr‘P = Nr‘P+ i 
[*253*574 . *261*36 . *161*2*201] 


*261*38. 1- P 6 fl . D ; 0‘P e Cls induct - t‘A . D . N r‘P, = Nr‘P ; 

C‘P ~ e Cls induct — i‘A . D . Nr'Pt = Nr‘P i 


[*253*56 . *261*35] 

*261*4 I- : P e li - ft induct . D . {(K VB‘P} ] P, e Prog 
Dem. 


h . *204*7 . Dh:Hp.P = P,.D.P6l-»l 
h . *120*212 . D h Hp . D : a ! P : 

[*250*13] D ; E ! P‘P ; 

[*260*21] D;P = P,.D.P‘P€D‘P 

h. *260*22. Dh:Hp.P = P, .D.PpoGJ 
h . *93*103 . *202*52 . D 

h : P e ft . P = P, . a ! K‘*S‘P - D‘P . D . B‘P . 

[*93*101.*91*54] D . (B‘P) {B‘P ) . 

[*260*27] D . (P‘P) P,„ (P‘P) . 


( 1 ) 

( 2 ) 

(3) 


[*261*2] D . (7‘P c Cls induct (4) 

h . (4) . Transp . D h : Hp . P = P, . D.^‘P‘PCD‘P . 

[*250*21] D.P#‘P‘PCD‘P (5) 

I- . (1) . (2) . (3) . (5) . D I- : Hp . P = P. . 3 . 

P e 1 -♦ 1 . P‘P e D‘P . ~ {(P‘P) Ppo (P‘P)} . %^‘B*P C D‘P . 
[*122*52] D . WB*P) 1 P e Prog ; D 1- . Prop 


*261*401. 1- ; P e ft — ft induct . 3 . a 1 ^ C1‘<7‘P . C‘P e Cls reH 

Dem. 

h . *261*4 . *123*1 . D h : Hp . D . D‘{(Kv^‘P} 1 Pi e K. (1) 

I-. *121*305. D I- ; Hp . D . D‘{(P.V^*P} 1 Pi C C*P (2) 

l-.(l).(2). DI-;Hp.D.aJN,r»CPa‘P. (3) 

[*124*16] D.C'PeClsrefl (4) 

1- . (3) . (4) . D I- . Prop 
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9K261'41. h . fl — ft induct = ft infin [*261‘401 . *261'11 . »124'271] 
*261 '42. h . ft fin = ft induct [*261‘41 . Transp . *124'27l] 

We shall henceforth use “ ft fin ” in preference to' “ ft induct.” 
*26143. I- . (7“ft C Cls induct w Cls refl [*261'40114] 

*261431. l-iPeft-t'A.D. 

{(P v-B‘P) 1 p. = p. rK‘^p = p. D 

=(t‘P‘PuK‘^‘p)iA 

Dem. 


h . *25013'21 . 
[*260-31 J 
1- . (1) . *200-27 . 
[*260-34] 

[( 2 )] 


DI-iHp.D.P'PeD'P,. 

D . i‘B‘P = (Pi^'P'i^ 

D I- : Hp . D . P,„‘5‘P = {i^‘B^P . 

D . p, r K‘P‘P = {( pr)*‘P‘2 1 

= (t‘P‘PwP,„‘P‘P)1P, 


I- . (3) . (4) . *35-1 1 . 3 h : Hp . D . {(P, 1 A = Pi D KnB‘P) 

h . (3) . (4) . (5) . D h . Prop 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


*261 '44. h P € ft . D : Pi f- Ptn*B‘P e Prog . = . P e ft infin 
Dem. 

h . *123-1 . D 1- : Peft . P, « Prog • 3 • 3 ! Ko « Cl'C'P . 
[*124-15] D.O'PeCIsrefi. 

[*261-1] D.Pe ft infin (1) 

h . *261-4-431-41 . D h ; P e ft infin . D . P, f K‘P‘P « Prog (2) 

I- . (1) . (2) . D h . Prop 

*261-46. I- . ft infin = ft n P (Pi f- P,„‘P‘P e Prog) [*261'44] x 


*261-46. I- ; P € ft . D . Cl'C'P C Cls induct w Cls refi 

Dem. 

I- . *250-141 . *202-55 . D 

f-;Hp.aCC‘P.a~el.D.Ptaeft.a = C‘(PCa). 

[*261-43] 0 ,tt € Cls induct w Cls refl ( 1) 

i- . *120-213 . 3 I- : a « 1 . D . ae Cls induct (2) 

I- . (1) . (2) . 3 1- . Prop 

*261-47. 1- P € ft . « C C‘P . 3 ; a c Cls induct . = . a ~ e Cls reH 
[*261-46 . *124-271] 

*261-6. 1- ;.Peft.C‘PCft.Nc‘C'*/> = i/.3/.. ll'Peft; 

y 6 Nc induct — 1‘0 — t‘l ; 3 ; 
Qeft.(7‘QCft.Nc‘C‘Q = y+,1.3«.n‘Q€ft 

Dem. 

I- . *204-272 .31-; Nc‘D‘Q= 1 . Q e Ser . 3 . Qe 2,. . 

[*.56-112] :3.C‘Qe2 (1) 
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I- . (1). Transp . D I- : Qeft . C‘QC n . Nc‘G’‘Q = v+o 1 . 

F cNC induct — t‘0 — i‘l . D . D‘Q~e 1 (2) 

h . *261-24 . D I- : Hp(2) . D . E ! , 

[(2).*204-461] = 

[*172-32] D.n‘Qsmorn‘(Q^D‘Q)x5‘$ (3) 

h . *110-63 . 3 I- : Hp(2) . D . Nc‘D‘Q +* 1 = f +„ 1 . 

[*120-311] 3.Nc‘D‘Q = f (4) 

I- . (4) . 3 h Hp (2) ; P e fl . 0‘P C n . Nc‘0‘P = f . 3r . ^ : 3 . 

n‘(QDD‘(2)€n. 

[(3).*251-55] 3 . n‘Q e ft (5) 

h . (5) . Exp . 3 

h Hp . 3 : Qeft . (7‘QC ft . Nc‘(7‘Q= F+c 1 . 3 . n'Qeft 3 I- . Prop 

*261-61. t-iPeftfin.C'PCftO.n/Pcft 
Dem.- 

I- . *261-6 . 3 I- ; ; <^F . : P e ft . C‘P C ft . Nc‘0‘P = f . 3p . H'P e ft 3 


Fe Nc induct — t‘0 — t‘l • 3 : <^F . 3 . <^(f + c 1) (1) 

I-. *200-12 . 3f-.~(aP).P€ft.(7‘PCft.Nc‘(7‘P = 1 . 

[*10-53] 3h:Hp(l).3.^1 (2) 

t- . *172-13 . *250-4 . 3l-:Hp(l).3.^0 (3) 

I- . *172-23 . *251-55 . 3 h F + if. F, ft . 3 : Il‘( F4, Z), n*(Z X F) e ft : 
[*55-54.*204-13] 3 : Pe Ser . 0‘P= i‘ Fv 3 . D'P e ft (4) 

h. (4). *54-101 .3h: Hp(l). 3.^2 (5) 

i- . (2) . (3) . (5) . 3h:. Hp(l).3:</)0;F€t‘0ut‘l.<^F.3.<^(F+„l) (6) 


h . (1) . (6) . 3 h : . Hp (1) . 3 : F € NC induct . <^f . 3, . ^ (f +* 1) ; ^0 ; 

[*12013] 3 : o e NC induct . 3. . (7) 

h . (7) . *13-191 . 3 h : P 6 ft . (7‘P C ft . Nc‘C‘P e NC induct . 3? . D'P e ft : 


[*261-14-42] 3h:Peftfin.C‘PCft. 3p.n‘Peft;3H.Prop 

*261-62. l-;Peft.Qeftfin.3.P«€ft 
Dem. 

I-. *251-61. 3i-:Hp.a!P.3.P^;Qfft (1) 

h. *165-26. 3h:Hp.3.0‘Pj^;QCft (2) 

H.(l).*166-25.*261-18.3l-:Hp.a!-P-3.-Pjl’Qe«fii» (3) 

h.(l).(2).(3).*261-61 .3l-;Hp.aI-P. 3- n‘P jjJQeft . 
[*176-181-182] 3.P«€ft (4) 

h . *176-151 . *250-4 . 3h!P = A.3.P«6ft (5) 

H . (4) . (5) . 3 h . Prop 


n Jlr W TIT 
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*26163. VimB‘R.P<lQ.xeC*Q np*Q“C‘P . 3 . 

(i‘w) t C‘B e C‘Q^ « 

Deni. 

I- . *11612 . 3 h ; Hp . 3 . {i*x) f C‘R e (C‘Q t C‘R)a‘C‘R . 

[*17614] D.(i‘x)\G‘ReC‘Q^ (1) 

h . *11612 . *9311 . 3 H Hp . -Sf € (C‘P t C‘R)^*C‘R . T= (t*®) t C‘i? . 3 ; 

(S‘£‘2i) Q {T*B‘R ) : ~ (gj^) . yR (B‘R) ; 

[*10-63] 3 ! (S‘B‘R) Q (T‘B‘R ) : yR (B‘R) .y^B^R.Oy. 8*y = T*y : 

[*176-19.(1)] 3 :-»((?«) T (2) 

h . (2) . *176-16 . 3 1- Hp . 3 ; S e C'P* . 3 . S (Q*) t C‘R] (3) 

t-.(l).(3).3l-.Prop 

*261-64. l-:Penfin-t‘A.PlessQ.3.P«les8Q« 

Deni. 

h .*264-55 . 3 h : Hp . 3 . (gP') . P' smor P . P' G Q . g ! C‘Q fsp‘Q“C‘F . 
[*261-63.*260-13] 3 . (gP') . P' smor P . P' G Q . g ! (?‘Q* n p‘^“C‘iF )” . 

[*176*35-22] 3 . (gJ/) . M smor P® . M G . g ! G‘Q^ n p*<^‘‘G*M . 

[*254-56.*261-62] 3 . P^ less : 3 h . Prop 

*261-66. h : P e n infin . Q e 11 fin . 3 . Q less P 
Dem. 

I- , *261-11-14-42 .31-: Hp . 3 . 0'P e Cls refl . G*Q e Cls induct . 
[*124-26] 3.Nc‘C‘P>Nc‘(?‘Q. 

[*255-76] 3 . Q less P : 3 1- . Prop 



91^262. FINITE ORDINALS. 


Summary of 3|(262. 

Finite ordinals are defined as the ordinals of finite well-ordered series ; 
infinite ordinals are defined as the ordinals of infinite well-ordered series. 
In virtue of ^261*42, finite ordinals are those whose members have fields 
which are inductive, and are also those whose members have fields which are 
not reflexive. Finite ordinals have the formal properties which cardinals have 
but which relation-numbers and ordinals in general do not have, Le. their 
sums and products are commutative, and the distributive law holds in the 
form 

/i >: (v 4* «r) = 0^ X I') + (m ^ 

as well as in the form 

(i/ + «r) >C /tt = (i' >C + (bt >C /Ei), 

which was proved generally in ^nl84*35. 

The distinguishing properties of finite ordinals are most readily 
established by means of their correspondence with inductive cardinals. In 
general, two well-ordered series whose fields have the same cardinal need 
not be ordinally similar, but when the cardinal of the fields is inductive, 
the two series must be ordinally similar. Hence the ordinal of a finite well- 
ordered series is determined by the cardinal of the field of the series. We 
put generally 

^ s; n A C^^ii Df. • 

The result is that, if /i is an inductive cardinal, is the ordinal of all those 
series whose fields have fi members. Thus there is a one-one correspondence 
of inductive cardinals and finite ordinals ; and in virtue of this correspondence, 
the formal properties of finite ordinals can be deduced from those of inductive 
cardinals. 

It will be observed that, according to the definitions already given, 
l-.Or*ftoG^^Aby ♦260-43, 

1- . 2r « n A 0*^2 by ♦250-44. 
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Hence the notations 0^, 2,. are particular cases of the general notation fiy. 
But in virtue of i|t200’12, we have, by the definition of /x,., 

h.l, = A, 

so that 1,. does not take its place in the series of finite ordinals. 

Our definitions in this number are 

NO fin == Nor^^H fin Df, 

NO infin = NV^n infin Df, 

At,. = flnC‘V 

It will be observed that for the sake of convenience we have defined NO fin 
and NO infin so as to exclude A. The definition of fir is chiefly useful when 
fi is an inductive cardinal. 

The number begins with various elementary propositions, partly embody- 
ing the definitions, partly concerned with /i,.. We have 

9k 262'12. h:p€/iy.= - Pell. C*P e fi 

9ie262*18. h: fie NO . g ! ^ M Vr 

This proposition does not require that fi^ should be a relation-number. 
If /i is a reflexive cardinal, fir is not a relation-number unless it is null, 
because series of many different relation-numbers can be made with a given 
cardinal number of terms. When fi is a cardinal, “g ! fi" means that classes 
having fi terms can be well-ordered. 

^262*19. h fi,v € NO .g!/Lir-3s/A = i'* = */^r=Vr 

Thus the relation of fi to fir is one-one so long as /i. is the cardinal number* 
of a class which can be well-ordered. 

We next prove that if fi is an inductive cardinal other than A or 1, fir\s 
a finite ordinal, and that every finite ordinal is of the form fir for an appro- 
priate fi. We have 

^262*21. V i fi€ NC induct — t^A — . D - g ! /a,. 

♦262*24. V i fi€ NC induct — t'A — . D . /ir « NO fin 

We prove this by means of an inductive proof that two series are similar 
if their fields are inductive and similar. 

♦262*26. brae NO fin . = . (g/a) . fi e NoC induct - . « = /^r 

Hence we easily obtain the properties of finite ordinals from those of the 
corresponding cardinals. Assuming that v are inductive cardinals other 
than 1, we have 

♦262*33. M,. + i/r = (/A +0 v)t 
♦262*35. fir^l^{fi +ol)ri if 
♦262*43. flr'kPr—(p ><0 p)r 
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«262‘53. /if cxpr «>, ='(/**')<•. if »'4=0, 

«262'7. /i > . = . /tf 5> »», 

Hence if o, jS, y are finite ordinals, 

«262'6. « -i- /3 = -i- a 

*262’6i. a X /S = /9 x a 
«262'62. ax(/3-i-7) = (a>(/3)-i'(aX7) 

^262'63. (a X /S) exp,. 7 = (« exp,. 7) ;< (yS exp, 7) 

Thus tlio arithmetic of finite ordinals obeys the same formal laws as the 
arithmetic of inductive cardinals. 

*26201. NOfin = N„r“nfin Df 

*262'02. NO infill = N,ir“fl infin l)f 
*26203. /t, = n A l>f 

*2621. l-:ci6NOfin.-.(a/^)./^€nfin.a = N„r‘7^ [(*262-01)] 

*262-11. h : ae NO infin . = . (3P ) , P e il infin . a = N„r‘P [{*202'02)] 

*262-111. h a 6 NO fin . = : a 6 N„0 :a^i-|-a.v.a = <),. : 

= : a € NO ;a4"i-i-a.v.a = 0, 

Dem. 

I- . *262-1 . D 

I- a e NO fin . = : ae N„0 ; (gV’) . 7^ t O fin . a = Nr‘/^ : 

[*261-:16] - ;aeN„0:(a7'); Nr‘7’+i -i-Nr‘7".v.7‘-A:a=Ni-‘P: 

[(*25.5 0:i)] = : oeN„0 : a=f i -i-o, V . a-^ 0, ; (1) 

[*l.S0-4.*l.')r)-,')]s : a e NO : a ]= i -j- o . v . a — 0, (2) 

h . ( I ) . (2) . 3 I- . Prop 

*262112. h : o e NO infin . ~ . o e N„0 - 1‘0, . 1 -i-a = o 
[*262-111 . Transp . *201 13] 

*262-12. I- : P e /i,. . 3 . /» e fl . 6'‘P e /i [(*262 03)] 

*262-13. I- : Nr‘7^ e NO tin . = . 7^ e O fin . = . P e ft . C/P e CIs induct 
Deni. 

I- . *202-1 . 3 I- : Nr‘7' e NO fin . - . (gt^) . Q e O fin . Ni‘7' = N,.r‘(7 . 
[*l.52-3.').*l r).')-13] ' . (gQ) .QeiHiw.P smor Q . 

[*201-183] .Pen fin. (1) 

[*201-42 I4] . /'en.C'O'eOlsimhiet (2) 

h .(0.(2). 31- . Prui. 
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«262‘14. h : Nr*P e NO infin . = . P € fi infin . ~ . P e (I . C*P e Cla refl 
[Proof as in #262'13] 

i|t262'16. I- a e NoO . D ; a « NO fin . = . C“a e NC induct 
Dem. 

I- . #26213 . »120-21 . D 

I- : N«r‘P e NO fin . = . P e ft . N,c‘C‘P e NC induct (1) 

h . (1) . #2511 . D 

H Nor'P e NO . D : N«r‘P c NO fin . = . NoC'C'P e NC induct . 
[#152-7] =.C“Nor‘PeNC induct (2) 

h . (2) . #155*2 . D h . Prop 

#262-16. hr.aeNoO.D; 

tte NO infin . = . C“a~ e NC induct . = . (/“a e NC refl 
[Proof as in #26215] 

#262-17. i-:Peft.D.Pe(Nc‘(7‘P),. 

Dem. 

I- . #100-3 . D I- . C‘P e Nc‘C‘P (1) 

h.(l). #262-12. Dh. Prop 

#262*18. h ! /* eNC . a 1/tr • 3 • A*” ^**/**- 

Dem. 

I-. #26212. :H-.C“fjLrCfi (1) 

h. #262-12. 0\-:aefi.P€fir.'D.a,0‘Pefi (2) 

i- . (2) . #100*5 . D I- : Hp .ae/i.Pefir.'^ .asm C‘P . 

[#73-1] D . (aS) . -S e 1 -» 1 . « = D'flf . (?‘P = a‘-3V 

[#151-1 .#1.50-23] D . (a-S) . SJPsinor P . C‘SiP = a . 
[#251-111.#26212] D . (a-S) . SyPett . C‘8‘>P = a . 

[#262-12.Hp] D . (aS) .SiPe^Lr.G‘SiP = a. 

[#37-6] D.«e(7“yu, (3) 

l-.(3).#10-23. DI-;Hp.D./*CC“/ir (4) 

h . (1) . (4) . D h . Prop 

#262*19. h /i, i> 6 NC 
Dem. 

h . #262*12 .DI-:/t = i'.D./tr = i'r (1) 

h . #262*18 . D h : Hp ./tr = Vr.0.f/. = (7“iv 
[#262-18] 

h.(l).(2).Di-.Prop 


(2) 
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*262-2. h . Cls induct - 1 = a Onv^fl) 

Dem. 

I- . *261-29 . D h . Cls induct - 1 = 0«(n a Cnv‘'n) - 1 
[*200-12] = C“(Sl A Onv“n) . D h . Prop 

*262-21. i- : fte NC induct — i‘A — t‘l . D . g ! /t, 

Dem. 

h . *120-2 . *100-43 . D 1- ; Hp . D . (ga) . a 6 . a e Cls induct . a ~ e 1 . 
[*262-2] D.(ga,P).oe/i.Peft.C'‘P = o. 

[*262-12] D . g ! /i, ; D 1- . Prop 


*262'211. I- : a e Cls induct — 1 . D . g ! (Nc‘a)r a 
Dem. 

1- . *262-21 . *103-12 . D I- : Hp . D . g ! (NoC‘a), . a e N„c‘a . 

[*262-12] D . (gP) . P e (Nc‘a), . G*P e Noc'a . a e N„c‘a . 

[*63-13] D . (gP) . P 6 (Nc‘a> . C‘P e t‘a . 

[*64-24.*35 9] D . (gP) . P e (Nc‘a), . P e <‘(« t «) • 

[*64-1 1] 3 • g ! (Nc‘a)r a s 3 H . Prop 


*262-212. l-;^=|=O.A^ + l.P€(/*+ol)r.^•-PD<I‘^eMr 
Dem. 

I-. *262-12, Dl-:Hp.D.C‘P€/t+ol.Pen. 

[*1104] D./xeNC — t‘A 

I- . *93-103 . *250-13 . D h ; Hp . D . C‘P = i‘B‘P u H'P . P‘P ~ e H'P . 

[*110 63] D . Nc'C'P = Nc'H'P +* 1 . 

[(1 ).(2)] D . M + 0 1 = Nc'Q'P + 0 1 . 

[*120-311.(1)] D./t = Nc‘a‘P.P€n . 

[*202-55.*260-141] D . /* = Nc‘C'‘(P ^Q'P) . P ^H'Pc ft . 

[*262-12.*100-3.(2)] D . P ^ H'P e : O 1- • Prop 


( 1 ) 

( 2 ) 


*262213. l■;./i=[=0./n4=l:P, ’^p.q • P smor Q : D : 

P, Q e (/* +0 l)r . . P amor Q 

Dem. 

y . *262-212-12 . *120-124 . D 

I- : Hp . P. Q6(/4 +, 1), . D . P CH'P, Q pa'Qe/*, . P, $6 ft - t‘A . 
[*ll-l.Hp] D . P pH'Psmor Q pQ'Q . P, Qe ft - t‘A . 

[*250‘17] D . P smor Q : D h . Prop 
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*262'22. I- : fie NC induct . P,Qe fi,-."^ . P smor Q 
Deni. 

V . *153101 . *2G-2-12 . D h : P. Q e 0, . D . P smor Q (1) 

h. *200-12. Dh.l, = A. 

[*10-53] DI-:P,Qel,..D.PsmorQ (2) 

h. *153-202. DhtP, Q62,.D.PsinorQ (3) 

h . (2) . (3) . *2-02 . Df-:.M = 0.v./*=l: 

P, Q e fi ,. . D/.,y . P smor Q : D : P, Q e (/a +e 1),. . . P smor Q (4) 

f-. (4). *262-213. D 

f- ;. P, Qefif ^p,<i • P smor QiO : P, Q e (/li +c 1 )r ■ ^ smor Q (5) 

h . (5) . (1) . Induct . D h . Prop 

*262-23. h :. P, Q 6 ft Hu . D ; r/‘P s.n C‘Q . - . P smor Q 
Deni. 

h. *262-17-13. D 

h : Up . C‘P sm O'0 . 3 . i*. Q6(Ne‘C'‘P), . Ne‘C'‘Pe NC induct . 
[*262-22] D./^smor(^ ^^1) 

I-. (1). *151-18. 3 h. Prop 

The above is the fundamental proposition in the theory of finite ordinals, 
since it enables us to reduce relations among finite ordinals to relations among 
the corresponding cardinals. 

*262-24. l-;/ieNCindnot-t‘A-t‘1.3.^,eNOfin 
Dent. 

1-.*2G2'21. 3l-:Hp.3.a!M,- (1) 

I-. *262-22. 3 1- : Hp . Pe/i,. . 3 . /UrC Nr‘P ^2) 

I- . *262-12 . *151-18 . 3 1- : P 6 /tr . 3 . Nr‘P C /t,. (3) 

h.(2).(3). 31-:Hp.Peya,..3./i, = Nr‘P (4) 

l-.(l).(4). 3 h : Hp . 3 . /if e NR — t*A (5) 

h . *26212 . 3 1- : Hp . P e /x,. . 3 . G‘P e Cls induct . 

[*262-13.(4).(5)] 3 . e NO fin (6) 

I- . (1) . (6) . 3 H . Prop 

*262-241. I- :. yix € NC induct . P e ft . 3 : = Nr‘P . = . /x = Nc‘0‘P 

Deni. 

f- . *100-3 . 3 1- : Hp . M = Nc‘C'‘P .'^.C‘Peti. 

[*-262-12] O.Pefir. 

[*152-45.*262-24] 3./Xr=Nr‘P (1) 

h . *152-3 . *262-18 . 3 I- : Hp . /ix,. = Nr‘P . 3 . /x = C‘‘Nr‘P 
[*152-7] 3 . /X =r Nc‘C'‘P 

f.(l).(2).3h.Prop 


(2) 
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4(262*26. I- : (g/*) . ^ e NC induct — i‘l — i‘A .o = /*r- = .aeNO fin 
Dem. 

I- . 4»262113 . D 

I- : a € NO fin . D . (gP) . P € ft fin . a = Nr‘P . Nc‘0‘P e NC induct . 
[*262-241] 0 . (gP) . P e ft fin . a = Nr‘P . (Nc‘0‘P), = Nr‘P . 

Nc‘0‘P e NC induct . 

[*13172] D . (gP) . a = (Nc‘C‘P), . Nc‘C‘P e NC induct . 

[*20012.*2621.*155-13] D .(g/i)./i6 NC induct — t‘l — t‘A .a = /u.r (1) 

H . *264-24 . D t- : (g/i) . c NC induct — t‘l — t‘A .a = /i, .D.aeNOfin (2) 
h . (1) . (2) . 3 I- . Prop 

*262 26. i- : « e NO fin . = . (g/x) . /* 6 N^C induct — t‘l . a = /t, 

[*262-23 . *103-13-34] 


*262 27. h : a, /tf 6 NO fin . 3 . a + yS e NO fin 
Dem. 

H. *180-21. 3l-;Hp.P€a.Qe;8.3,P + Qea + /8 (1) 

h. *251-24. 3h:Hp.3.a + ;9eNO (2) 

h . *180111 . 3 h : Hp (1) . 3 . Nc‘C‘(P + Q) = Nc‘(C‘P + C‘Q) 

[*110-3] = Nc^C'P +e Nc'C'Q (3) 

t- . *262-13 . 3 h ; Hp (1) . 3 . Nc‘C‘P, Nc'C'Q « NC induct . 

[*120-45] 3 . Nc‘C'‘P +e Nc‘C‘Q € NC induct (4) 

I- . (1) . (2) . *155-26 . *251-122 . 3 

h:Hp(l).3.P + Qeft.« + /9 = Nor‘(P + e) (-5) 

h . (3) . (4) . 3 H : Hp (1) . 3 . C‘(P 4- Q) e Cls induct (6) 

i- . (5) . (6) . *262-1 . *261-42 . 3 h : Hp (1) . 3 . « +/9 e NO fin (7) 

h. *262-1 .*155-13. 3 I- : Hp . 3 . g ! a . g ! /3 (8) 

I- . (7) . (8) . 3 h . Prop 

*262-271. h;a,/3eNOfin.3.ax/3€NOfin 


[Proof as in *262'27, using *184*12 . *166-12 . *251-55 . *120*5] 

*262*272. I- ; a, /9 e NO fin . 3 . a exp, /8 e NO fin 

[Proof as in *262*27, using *186*1 . *176-14 . *261*62 . *120-52] 

*262*31. i* : p., V e NC . 3 . /a, -i- 1/, C (/t +0 v), 

Dem. 

V . *180-2 . 3 

Z € tJLr-\-Vr. = ;(gP, Q) ./4,= N^r'P. i/, = Nor‘Q..^smor(P + Q): (1) 

[♦180-1 11. *151-1 8] 3 ; (gP, Q) . ^ = N,r‘P . i», = N,r‘Q . {C*P + C‘Q) ; 

[*155-12] 3 ; (gP, Q) . P c . Q e • C‘^sm (C'P + C‘Q) : 

[♦262-12] 3 : (gP, Q).G‘Pe,i.C‘Qet>. C‘Z sin ((7‘P + C'Q) ; 

[*110-21] 3:Hp.3.C'‘Ze/t+ei/ 


(2) 

10 
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l-.(l). *26212. *15512. D 
h : + . 3 . (a-P, Q) . P, Qe n . ^smor (P + Q) . 

[*251-25.*180-1112.(*18001)] D.ZeQ. (3) 

h . (2) . (3) . *262*12 . D h :. Hp . D : ^ e -f i/r • 3 ■ ^ +o p)»- :• 3 1“ • Prop 

*262*32. h : /i, j; € NC induct . P € /tr • Q « Pr • 3 • P + Q ^ /^/ + ''r 
Dem, 

h . *200*12 . *262*12 . D h : Hp . D . /a, v e - ea - . 

[*262*24] D . /Ar, Pr € NO . 

[*180*21] D . P + Qe/i^ + Pr : 3 H ■ Prop 


*262*33. h : /X, 1 / € NO induct — 14 . D . /i^ + Pr == (m 4"c p)r 
Den*,. 

I- . *262*12 .Dh:./i=A.v.i/ = A:D:/ir = A.v.i/,. = A: 

[*180*4] D:^-fPr = A (1) 

h . *110*4 . Dh:./i = A.v.ps=A:D./A+oi' = A. 

[*2621 2J D.(/*+o»')r = A (2) 

h . *262'32 . D I" ; Hp . P e/tr-Q^Vf'^ • P + Qe fir + t^r • (3) 

[*180-42.*152-45] D . /*,+ v,= Nr‘(P + Q) (4) 

h . (3) . #262*31 . 3 h : Hp(3) .P + Qe(ji+ov)r- 
[*120'45.*262'24] 3 • P + Q e (/* +«*')>•• (m +« *')»• « NR . 

[*152*45] D.(M+,,;), = Nr‘(P + Q) (5) 


H.(4).(5).*10*23.*262*21.DI-:Hp.a!/*.a!i/.D./tr+»'r = (M+c»')r ( 6 ) 
h,(l).( 2 ).( 6 ).Dh.Prop 

The above proposition still holds (as we shall now prove) when one pf 
fi and V is equal to 1, but not both. When both are equal to 1, ftr+Vr — A, 
while ift+cP)r==‘2r. 

*262*34 l-;/teNC-t‘0.3./tr+iC(At+,l)r 
Dem. 

b .*181*2 = : (sPi®) ./a, = Nor‘P . Zsmor(P-i*a;) (1) 
I- . *181*6 . *152*7 . 3 b ; a ! P . 3 • Nc‘C?‘(P -[♦ = No‘C‘P +, 1 ( 2 ) 

b.(l).(2).3 

b;.Hp.3:Zf/*,-i-1.3. (aP) ■ fir = N,r‘P . Nc‘0‘Z = Nc‘C7‘P +. 1 . 
[*262*24112] 3 . (aP) . /tr = N,r‘P . Nc‘0‘.^= /*+«!. 

[*100*3] -^.C'Zetn+^l (3) 

b . (1) . *262*12 . *165*12 . 3 b ; .^e Mr -i- 1 . 3 . (aP) . P e fl . Mr “ N,r‘P . 
[*2511*132] 3.Mr+l<N0. 

[*251*122] O.Zeil (4) 

b .(3). (4). *262*12 . 3b !. Hp. 3 :.?eMr+l . 3 . Ze(tf + 4 1 ), :. 3 b . Prop 
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«262'341. I- :/ieNC induct . P e jir . P -^xe Hr+'i 

Dem. 

h . #20012 . «262'12 . D I- : Hp . D . /* e - t‘l — t‘A . 

[*262-24] D./t,€NO. 

[*181-21] D.P4*a;eMr-i-i !^^*Prop 


*262-36. h : /t 6 NC induct — 1‘0 — t‘l . D . /i, -i- 1 = (ft +c l)r 
Dem. 

h. *262-12. Dh!ft = A.D./t, = A. 

[*181-4] D./it,+l = A (1) 

H . *110-4 . Dhift^A.D.ft +0 1 = A . 

[*262-12] D.(ft+el)r = A (2) 

I-. *262-341. Dh;Hp.Pe/it,.D.P4>«eAt,+ i. (3) 

[*181-42.*162-45] D . 1 = Nr‘(P 4>a;) (4) 

h.(3).*262-34.Dh;Hp.P€ft,.D.P4*«e(ft+,l),. 

[*120-45.*262-24] D . P 4» a: e (ft +. 1 ), . (^ +c l)r e NR . 

[*152-4.5] D.(/i+.lV = Nr‘(P4**) (5) 

h . (4) . (5) . D h : Hp . a 1 ft, . D . fv + 1 = (ft +, 1), ; 

[*262-21] Df-:Hp.alfi.3.fi,-i-i=(ft+jl), (6) 

l-.(l).(2).(6).Df-.Prop 


*262-36. I- : ft € NC induct — 1‘0 — t*l . D . 1 -i- ft, = (1 ft), 

[Proof as in *262-35, by means of analogues of *262-34-341] 

*262-41. I- tft, veNC . D .ft,>:i>,C(ft X, i>), 

[Proof as in *262-31, using *1841-5 . *113-21] 

*262-42. I- ; ft, 1 / € NC induct .P€ft,.Qev, .D.PxQeft,>Ci', 

[Proof as in *262 32, using *184-12] 

*262-43. h : ft, i» e NC induct - t‘l . D . ft, >< v, = (ft x^ i>), 

[Proof as in *262-33, using *184-11 . *113-204 . *184-15 . *120-5] 

*262-61. h ; ft e NC . v c NC induct . D . ft, exp, v, C (ft'), 

Dem. 

h. *186-5. DH:ft,,i',eN,R.i»4=0.Peft,exp,i»,.D.(7*P6((?“ft,)‘^' (1) 


I- .*186-11 . 3 h :Peft,exp,i/,. 3 .a !f*r* 3 1 f, (2 ) 

h . (1) . (2) .*262-18 . 3 h ; Hp . i» + 0 . P e ft, exp, 1/, (3) 

b. *262-12. 3b.ft,Cn. 

[(2).*251-1.*18611] 3l-:P6ft,exp,»<,.3.fi,eN0 (4) 

b. *262-24 . 3l-:Hp.i»+l.i^ + A.3.v,eNOfin (5) 

b . (2) . (4) . (6) . *261-62 .3b; Hp .v’^l . Re/tr exp, v, • 3 . P e A (6) 

b . (2) . *200-12 . 3 b : P 6 ft, exp, v, .3.i'^l (7) 

b . (3) . (6) . (7) .3b:. Hp . 3 : P e ft, exp, v, . 3 . P e A . C*R e ft' . 


[*262-12] 3. Pe (ft'),:. 3 b. Prop 
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^262*62. h : /X, i; 6 NC induct . P € /txr • Q € Pr • 3 • (-P exp Q) e (/LXy exp^ Vr) 
Dem, 

h . *200*12 . *262*12 . D h : Hp . D . /it, i; e — 64 - t^A . 

[*262*24] 3 . /Xr , i/y e N O . 

[*186*13.*152*45] 3 - (P exp Q) e (fir exp, : 3 h . Prop 


*262*63. h : /X, 1 / 6 NC induct — 64 . j/ 0 . 3 . /x,. exp^. == (^*')r 
Dem. 


l-.»26.212.*18f>ll . 

D h :. /Li = A . V . i> = A : D . /V expr I'r = A 

(1) 

h. #110-204. »26212 

.DI-:./i = A.v.i» = A:D. (/*-), = A 

(2) 

h.*262-o2.DI-: Hp 

.Peflr.QeVr-'^-iP exp Q) 6 (Mr expr Vr) . 

(3) 

[#1 86-1. 8.*1 52-45] 

D . Nr‘(P exp Q) = m.- exp, v,- 

(4) 

h . (3) . #262-51 . 

D l-:Hp (3). D.(P exp Q) 6 (m-)- 

(5) 

1- . (5) . *120-52 . 

D h : Hp (3) . 3 . m” « NC induct 

(6) 

l-.(5). 

DI-:Hp(3).3.a!(M*’).- 


[*200-12.*26212] 

D . M" + 1 

(7) 

F-. (6). (7). *262-24. 

Dt-:Hp.D.(M0reNO 

(8) 

1-. (5). (8). *152-45. 

D h : Hp (8) . 3 . Nr‘(P exp Q) = (m"))- • 


[(4)] 

3 . Mr ex PrVr =(/*’■)>• 

(9) 

1- . (9) . *262-21 . 

3 h : Hp expr Vr = (M’')r 

(10) 

h . (1) . (2) . (10) . D V 

. Prop 



We are now in a position to establish the commutative property of 
addition and multiplication of finite ordinals. This is effected by means 
of *262*33 and *262*43. 


*262*6. h : a, /S€ NO fin . 3 •a-f y9 = ^-i-a 
Dem, 

h . *262*26 . 3 h : Hp . 3 . (g/x, . /x, e NC induct — 64.a = ;xr.^ = i'r- 

[*13*12] 3 . (g/x, j/) . /X, 1 / 6 NC induct — 64 . a + )8 = = Pr • 

[*262*33] 3 . (g/x, i/) . /x, i/ e NC induct — 64 . a -i- ^ = (/x +c I'V • « = A*t • = i^r • 

[*110*51] 3 . (g/x, v).fijV€ NC induct — 6^1 . a + ^ = (i' +c /^)r • « = /^r • /3 = Pr • 
[*262*33] 3 . (g/x, v). NC induct — 64 . a + ^ = /x^ . a = /x^ . ^ = i/r • 

[*13*22] 3 . o+)8 = /8 + a: 3 H . Prop 

*262*61. l-:a,y8€NOfin.3.ax/8 = /9)^a 

[Proof as in *262*6, using *262*43 and *113*27] 

*262*62. h : a,)8,7€NOfin . 3 .a^c(/9+7)=*(a>Ci8)-f (a>C7) 

Dem, 

h . *262*27*61 . 3 h : Hp . 3 . (/3 + 7) = (/3 + 7) a 

[*184*35] =(/3>Ca) + (7>ta) 

[*262 61 j * (o 55 c /S) + (a 7) ^ • P^^p 
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«262'63. I- : a, 76 NO fin . D .(a>c/3)cxpr7 = (aexp,.7)>c(^expr7) 

Deni. 

h . *262-26 . D 

I- : Hp . D . (g^t, v, vr) . fji,v,a e NC induct — l‘l . a = /li, . )8 = i/, . 7 = w, (1 ) 
h. #262-43. D 

t* : /i., I/J isr e NC induct — t‘l • D . (fir X Vr) expr Wr = (/* v)r expr VSr (2) 

h . #113’6()2 .Dh:;u = 0.i' = 0.D./u,XoF^l (3) 

I- . *117-631 . D I- ; /i,, veNC - 1‘0 - t‘l . D ./t Xe v + 1 (4) 

f-.(3).(4). Dh : Hp(2).D./t x^v^l (5) 

h. *120-5. D h : Hp (2) . D . /i Xg i/eNC induct (6) 

h . (5) . (6) . *202-53 . D H : Hp(2) . w=}:Or . 3 . (/* x^ p)^expr vtr— j(/u. x^ 
[*116-55] =(/i®XcF®)r (7) 

h . *1 17-652 . D !■ : Hp (7) . /n, ^ M Xo w . . 

[*117-631] D.m" + 1 ( 8) 

h.*116 311.Dh: Hp(7).At = 0,.D..tt®=}=l (9) 

h.(8).(9). Dh;Hp(7).D./it®4=l (10) 

Similarly I- ; Hp(7) . D . */®=|; 1 (11) 

I- . ( 1 0) . (1 1 ) . *120-52 . *262-43 . D t- : Hp (7) . D . (/a® x. v”), = (^®)r X (i-®), 
[*262-53] =(/i,exp,i!r,)x(«/rexp,.t!rr) (12) 

l-.(2).(7).(12).D 

K s H p (7 ) . ^ X i^t*) cx Pi» ftif. — (/'^ ®^Pr *** f) X (^^j* cxpi* ®r|.) (13) 

H. (1). (13). *262-19. D 

I- ; Hp.7=l=0r. D.(ax/3)exiV7 = (aexpr7)xOexpr7) (14) 

I-. *186-2. *184-1 6. D 

h ; Hp.7 = 0r.3.(aX/8)exp,.7 = 0,..(aexpr7)>C(/9expr7) = 0r (15) 

h.(14).(15).DI-.Prop 


*262-64. f- : ae NO fin . D . a-j- 1 = 1 +a 
Dem. 

. *262-35-36-26 . *110-51 . 3 h : Hp . 0^= 0, . D . o-j- 1 = 1 + 0 (1) 

h. *161 -2-201. Dl-:o = 0,.3.o+i=0,. i-i-a = 0, (2) 

l-.(l).(2).DI-.Prop 

*262-66. l-:a,/3eNOfin./3 + Or.3.aX(/3+i) = (ox/3) + a 
Dem. 

I- . *262-61 . D I- ! Hp . D . a X (/9+ i) = (/3-i- i) >C B 
[*184-41] =(/9>;a)-i-a 

[*262-61] =(o>(i8) + a : 3 1- . Prop 

*262-66. H : a,)86NO fin ./8^0, . 3 . «>C(1 +/3)s»o-|-(«>C)8) 

[Proof as in *262-65] 
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4(262‘7. h fi, p e NO induct — t‘l . D : ^ > i/ . = . /it, > w, 

Bern. 

I- . «262'21 . #11712 . D h : Hp ./t>p.3.3!^.3!i'r. 

[#26218] D . ^ = 0“/*, . = C"vr . (1) 

[#255-76.#262-24] D . /*, 5> p, (2) 

h . #120‘441 . D l- : Hp • (/t ^ p) . 3 . /t ^ i/ (3) 

I" . (1) . 3 l~ : Hp . JU. 1/ . 3 . /Ur >'r (^) 

h . #262*21 . 3 h : Hp . /u = sm“i> . 3 . (gP) • /* = Noc‘(7‘P . /u = sm“v . 
[#103*4] 3 . (gP) . fi = N,c‘0‘P . v = Nc‘(?‘P . 

[#262*241] 3 . (gP) , = N„r‘P . Vr = Nr‘P . 

[#155*4] 3 . /Ur = smor“i/ (5) 

h.(4).(5).#117*104.3h : Hp ./u< j; . 3 . /ir ^ "'r (6) 

• (3) • (6) • #255*483 . 3 h ; Hp . ~ (/i > v) . 3 . ~ > i/r) (7) 

h. (2). (7). 3 h. Prop 

#262*71. I- ; a € NO fin — t‘Or . 3 . (g/8) . /9 e NO fin — t'O, w t‘l . a = /8 + 1 
Dem, 

h . ^26211 . *2^)124 . D h : Hp . D • a ! a A a\B | Cnv) (1) 

h . ( 1 ) . aie204-483 . (5^181*04). D h . Prop 


*2628. I“:a,/ 9 €N 0 . 7 € NO fin • a << . D . a exp^ 7 <5 )9 exp^ 7 [*261’64] 

*262*81. h : a y9 e NqO . 7 e NO fin - a exp^ 7 = /8 cxp^ 7 . D . a = sinor^^^ 

Devi, 

h . *262*8 • Transp . *255*42 . D h : Hp . 3 . ^ (a < / 8 ) . <^(o > / 8 ) . 
[*255*112] D . a = sinor ‘^/8 : D h . Prop 

*262*82. h : a € NO fin . ^ € NO infin . D . a O [*261*65] 

% 

*262*83. h : a € NqO — t^Or .y 3 , 7 €NOfin.^<J 7 .D.a exp^ /8 <• a exp^ 7 
Dem. 

h .*255*33 . D h:.Hp.D:(a«r)-t!reNO-t^Or.7 = )8 + tsr.v.^=j=0r.7=^4-i (1) 


h . *254*51 .Dh:QGP.D.^(P less Q) (2) 

h . (2) .*255*1 . D h : 7 = - 3 .'>^(7 < tar) ( 3 ) 

h . (3) • *262*82 . Transp . 3 h ; Hp . 7 =»/S 4 'tsr. 3 .tjr€NOfin ( 4 ) 

h .*186*14 . 3 h : Hp(4).'Br 0 y.y 8 =^ 0 r. 3 .aexpy 7 = (aexp,.^)X(aexp^®r) (5) 

h . *262*71*272 . 3 f- : Hp (5) . 3 . (gS) . 5 € NR ~ . a exp^ /3 = S + 1 . 

[(5).(4).*255*573] 3 . a exp^ 7 > a exp^ ^ ( 6 ) 

h .*265*51 . 3 h : Hp(4) . ^4=0^ . /8 = 0 ^ . 3 . aexp^ 7 > aexp^/S (7) 

h . *186*22 . 3 h : Hp = . 3. aexp ^7 = (a exp^ / 8 )^C^ . 

[*262*71. *266 *573] 3 . aexpy 7 > aexp^/S ( 8 ) 

h . ( 1 ) . ( 6 ) .(7) .( 8 ) . 3 h : Hp . 3 . aexp ^7 > aexp^^S : 3 h . Prop 


*262*84. h : P € ft — • Q, Me il fin .Q less P . 3 . P^ less P^ [*262*83] 



*263. PROGRESSIONS. 


Summary of *263. 

If i2 is a progression in the sense defined in *122, i.e» a one-one relation 
whose field is the posterity of its first term, then is a serial relation, and 
the series generated by is of the type which Cantor calls a>, i.e, the 
smallest of infinite series. It is easy to prove that all progressions are 
ordinally similar, and that, if all inductive cardinals exist, the series of 
inductive cardinals in order of magnitude is of the type a). Thus is an 
ordinal number, which is not null if the axiom of infinity holds. 

Most of the properties of o) are easily deduced from the corresponding 
properties of “Prog,*' which have been proved in *122. The definition is 

0 ) = P {(aP) . R € Prog . P = Ppo} Df. 

The axiom of infinity implies that ** less to greater with its field con- 
fined to inductive cardinals is a member of co, or, what comes to the same 
thing but is easier to prove, that {(NC induct) (-he l)lpo is a member of o) 
(*263T2). Thus the axiom of infinity for the type of x implies the existence 
of 01 in the type t^^x (*263132) ; and generally the existence of o) in any 
type of relations is equivalent to the existence of Ne in the type of their 
fields (*263131), because Kq = D^^o) = (*263101). 

By using the fact that in a progression R (in the sense of *122) all the 
terms are values of vr, where every inductive cardinal occurs as a value of v 
(which was proved in *122), we easily deduce that if there are progressions 
they are the series that are ordinally similar to the series of inductive 
cardinals (*263161). Hence both “Prog” and o) are relation-numbers 
(*26316219). Moreover, by *122*21‘23, o) consists of well-ordered series 
(*26311). Hence o) is an ordinal number (*263’2). 

We next prove that progressions are infinite series (*263 23), and that 
a series contained in a progression is finite if it has a maximum (*263 27), 
and is a progression if it has no maximum (*263*26). It follows that, 
assuming the existence of progressions or the axiom of infinity, o> is the 
smallest ordinal which is greater than all the finite ordinals (*263’31*32). 
Connected with this is the fact that the predecessors of any term in a 
progression are an inductive class (*263*412). 
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*263*44‘48 give various formulae for o), any one of which might be taken 
as the definition. We have 

51^263 44. t- . O) = n - t'A A P (a^Pi = a^P . E ! B^P) 

I.e. progressions are existent well-ordered series in which every term 
except the first has an immediate predecessor, and there is no last term. 

9if263-46. h . 0) = n A P (E ! .^El B^P) 

/.e. progressions are well-ordered series in which there is only one term 
having an immediate successor but no immediate predecessor, and there is 
no last term. 

^263*47. h . o) = fl A P {a C C^P . Da : « e Cls induct . = - a ! C^P a p^P^^a] 

l,e, a progression is a well-ordered series in which any sub-class a stops 
short of some point of the series if a is inductive, but not otherwise. This 
proposition will be useful in the next section. 

*263*49. h . n fin u 6) = n A P (Q^P, = G^P) = fl a P (P = P^J 

I.e. finite well-ordered series and progressions together are those well- 
i)rdered scries in which every term except the first has an immediate pre- 
decessor, and are also those in which every interval is an inductive class. 

From *201*45 it follows that, if P is an infinite well-ordered series, P 
confined to the terms at a finite distance from B^P is a progression, i.e. 

*263*5. h : P € n infin , D . P ^ (t‘P‘P u Pf^^B^P) e g> 

Hence it follows at once that an infinite ordinal is at least as great as 
and therefore infinite ordinals other than (o are greater than o), i.e. 

*263*54. h : a € NO infin — . D . a 5> cu 

The remaining propositions of this number are occupied in proving (o x 2,.=tt) 
(*263*63) and &> X a = « if a is finite and not zero (*263*66). It is not the 
case that 2,. X o) = g) or a X o) = w. 

CanDor has varied his definitions of multiplication as regards the order of 
the factors. Originally, he adopted the same rule as we have adopted, but 
in later works he inverted the rule, so that what we call 2^X6) he calls 
G) X 2,., and vice versa. Thus with his definitions in his later works, 2^ X g)‘== g) 
but G>x2y4=*>* We have reverted to his earlier practice, for various reasons, 
but chiefly in order to have NrGH(P ^ Q) = Nr^P x Nr^Q (cf. *172). Which- 
ever rule we adopt, there are some inconveniences, so that the question as to 
which is chosen is not of great importance. 
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#263 01. < 0 ^P {(gi?) . R e Prog . P - RJ Df 

♦263 02. N {fie NC induct . i/ = (/Lt + 0 1) ^oV} [♦2C3] 

The above temporary definition of N is the sanre as that in ♦123. 

♦2631. h : P e 0 ) . ~ . (gP) . R € Prog . P = Ppo [(♦263 01 )] 

♦263 101. h . No = = C^^co [♦1231 . ^122 141 . ♦91-504] 

♦263-11. I- . a> c n 
Dem. 

h . ♦122-23-141 . ♦2631 . D h : P e co . ot C 0‘P . g ! a . D . E ! minp‘a ( 1 ) 
h. ( 1 ). ♦250125 -Dh. Prop 

♦263 12. h : Infin ax . D . iVpo € (o [♦123 25 . ♦263*1] 

♦263-13. : g ! No (a;) . = . g ! ft) n 

Dem. 

h. ♦263*101. (♦65*02). D 
h : g ! No (ic) . = - (gP) •Pea). C*P e tH^x . 

[♦64*57 .♦63-5] = 5 . (gP) .Pem.Pe V^^x : D h . Prop 

♦263*131. I" : g J (No)a . = . g ! ft) n [Proof as in ♦263*13] 

♦263*132. I- : Infin ax (;r) . = . g ! &) a . 

Dem. 

h . ♦125*23 . ♦263-13 . D h : Infin ax (a;) . = . g ! ft) a 
[(♦ 64*011*014)] = . g ! ft) A t^^x : D h - Prop 

This proposition asserts that, if the number of individuals of the same 
type as x is not an inductive number, then there is a progression whose 
terms are of the type of This progression will be that of the inductive' 

cardinals which are applicable to classes whose terms are of the same type 
as X, 

♦263*14. h : P 6 Prog . P = . D . P = Pf„ = P,n . P = Pi 

Dem. 


V . *121-254 . D 1- : Hp . D . P, = i?, . 


[*121-31.#122116] 

D.P^ = R. 

(1) 

[Hp] 

3-(A)po = P. 


[*260-27.*26311] 

D.P,„=P. 

(2) 

[#260-1 5.Hp] 

D.P,„ = P 

(3) 

h.(l).(2).(3).Dh 

. Prop 



R. & W. III. 
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*263-141. I- ; P 6 ® . D . P. f Prog . P = (P.),n = (-P.)po 
Dem. 

h . *2631 . 3 1- ; Hp . D . (gP) . R e Prog . P = Ppo . 

[*263-14] D . (gP) . P e Prog . P, = P . P = P,„ . P = Ppo . 

[*13-195] D . P, € Prog . P = (P,),„ = (P,)po : 3 I" • Prop 

The above proposition shows that every interval P (a: m y) in a progres- 
sion is an inductive class. 


*263-142. h:P.P€Prog.Ppo = -Spo.D.P = 5 
Dem. 

y . *263-14 . D h : Hp . D . P = 

[*26314] = /S : D I- . Prop 

*263-143. l■:P,Q€<o.P^ = (^..D.P = Q 
Dem. 

y . *263-1 . D I- : Hp . 3 . (gP, S).R,8e Prog . P R^.Q== S^. 

[*263-14] D . (gP, P) . P, Sf 6 Prog . P = Ppo . Q = . P = P, . S = Q, . P, = Q, . 

[*13-17] 3 . (gP, S).R,8e Prog . P = Pp ,, .Q = 8po.R = S . 

[*13-17] 3.P = Q;31-.Prop 


*263-16. I- ; P e Prog .<S = ^0{veNC induct . a? = (i/ +e l)jj} .0 .8e R smor N 


Dem. 

h. *123-3. 31- : Hp.3.-Sel->1 .D‘S = D‘P.a‘-S = NCinduct (1) 

1- . *123-21 . 3 I- . NC induct = G‘N (2) 

1- . *110-66-643 .31-: Hp . (/* +o 1) (i' -f-o 1) • ^ -ho 1 = A* -ho 2 (^) 

I- . (3) . 3 1- :. Hp . 3 ; 

X {S*N) y. = . (g^) • w e NC induct . « = (/t -ho 1 )r • y = (/* -ho 2)ie . 
[*121-332-131] = . (g^) . /t e NC induct . (P‘P) P^ x . {B‘R) (Pp \R)y • 

[*122-341.*121-342] =.xRy (4) 

l-.(l).(2).(4).3t-.Prop 


*263-151. h : P € Prog . 3 . P smor N 
*263-152. 1- : P e Prog . Q smor R.'^ .Qe Prog 
*263-16. I- : P e Prog . 3 . Prog = Nr‘P = Nr‘i7 
*263-161. h : g ! Prog . 3 . Prog = Nr‘iV 
*263-162. h. Prog e NR 


[*263-15] 

[*123-32] 

[*263-161-152] 

[*263-16] 

[*263-161. *154-242] 
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*26317. h : P e 0 ) . D . 6> = Nr‘P = 

Dem. 

I- . *2631 . 3 1- : Hp . D . (gP) . R e Prog . P = Pp„ . 

[*263'151] D . (gP) . P smor N .P = Pp^ . 

[*161'56] D . P smor iVpo . (1) 

[*162-321] D.,Nr‘P = Nr‘iVrp„ (2) 

I- . *151-59 . D 1- : P € ft) . Q smor P . D . Q, smor P, . 

[*263-141-152] D . Q. € Prog (3) 

I- . *150-83 . D h : P € ft) . S e Q smor P . D . (QOpo = ^’(Pi)po 

[*263-141] = S'>P 

[*151-11] = Q (4) 

J- . (3) . (4) . *263-1 . D h ; P e ft) . Q smor P.O.Qem (5) 

I- . (1) . D I- : P, ^ e ft) . D . P smor Q (6) 

h.(5).(6).Dh:Peft).D.ft) = Nr‘P (7) 

h.(7).(2).DI-.Prop 


*263-18. h : g 1 ft) . D . ft) = [*263-17] 

*263-19. h . ft) € NR [*26318 . *154-242] 

*263-2. I- . ft) e NO [*26319-11 . *266-54] 

*26322. l-:P€ft).D.a‘PCD‘P.~E!P‘P.E!P‘P 
[*122-141 .*263-1 .*122-11] 

*263-23. I- . ft) C n intia 
Dem, 

h . *261-35 . Transp . *263-11-22 . 3 h : P e co . D . C‘P ~ e Cls induct — i‘A (1) 
h. *263-22. Dh;P€ft).D.g!C‘P (2) 

h . (1) . (2) . D f- : P e ft) . D . C‘P ~ e Cls induct . 

[*261-14-41.*263-11] D . P f fl infin : D h . Prop 

*263-24. h:g! ft). D.ft)€NO infin [*26214. *263*1 7-23] 

*263-26. h ; P e ft) . g ! a n C‘P . ~ E ! maxp'a . D . P^ o e &) 

Dem. 

V . *263-1 . *205-123 . D 

1- : Hp . D . (gP) . P e Prog . P = Rpo . g ! « « C‘R . a n G‘R C Ppo“a • 
[*122-442-45] D . (gP) . P e Prog . P = Ppo . P ^ - (P D «)• « Prog • 

Pta={Pta^{Ptay\^. 

[*263-1] 3.Ppacft);Dh. Prop 

*263-27. h : P 6 ft) . E ! maxp'a . D . P ^ a e O fin 
Dem. 

h . *122*43 . *263*1 . D 1* ; Hp . D . a o C‘P e Cls induct . 

[*37*41.*120-481] D . C\P ^ a) e Cls induct (1) 

I- . *263*11 . *260-141 . D 1- : Hp . D . P t a e ft (2) 

h . (1) . (2) . *261-14*42 . D I- . Prop 
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«2632a 

1" : P f 0 ) . D . Sof r>' R1‘P C w u fl fin 

[*204-421 

. *263’26-27] 

«26329. 

KiPeeD.Qt-nfin.D.Q less P 

[*261-65 . 

*263-23] 

*2633. 

I- : P c ® . D . less‘P= fi fin 



Dem. 

h. *2541. *2631 7. D 




h : P € CD • Q less P . D . g ! Nr^Q a Rl'P . Q <^ € cd • Q € fl . 

[9|e263 l7] D . (gP) . R e Nr^Q n Rl^P . P € cd . 

[9|e263-28] D . (gP) . P e Nr^Q n H fin . 

[*261-183] D.Qeftfin (1) 

h.(l). *263-29. Dh. Prop 

*263-31. h:.g!cD.3:a<cD.:2.a€ NO fin 
Dem, 

h . *255*17 . *263-17 . D h P e cd . D : Nr^Q < o) . - . Q less P . 

[*263*3] = . Q € n fin . 

[*262*13] =.Nr^QeNOfin: 

[*152*4] D : a € NR . a < cd . = . a 6 NR . a e NO fin : 

[*255*12.*2621.*152-4} 3 : a <• cd • = . a € NO fin :• 3 h . Prop 

*263*32. h :• Infin ax.3:a<«cD. = .a6 NO fin [*263*31*12] 


*263*33. h : a <• o) . 3 . a € NO fin 
Dem, 

h . *255*1 . *155*13 . 3 h : Hp . 3 . g ! eo (1) 

h. (1). *263*31. 3 h. Prop 

*263*34. h . i -f w = CD 
Dem, 

h . *262*112 . *263*24 . 3 h : Hp •g!cD.3.i + cD~(iD (1) 

h. *181*4. 3h:cD = A.3.i4-cD = A (2) 

h-(l).(2).3h.Prop ' 

*263*36. brae NO fin . 3 . a + cd = cd 
Dem, 

b . *180*61 . *263*18 .3b:g!cD.3.0r + cD = a> (1) 

b . *180*4 . 3b:cD = A.3.0y + cD = A (2) 

b . (1) . (2) . 3 b . Or -f CD = CD (3) 

b . *181*57 . *263*34 .3b. 2r “I" cd == 1 HH cd 

[*263*34] = CD (4) 

b . *262*36 . 3 b : /4€ NO induct — t^O — e^l . 3 . (/t+p IV + cd = /ir 4- 1 4- cd 
[*263*34.*! 81 *58] = /V 4- cd (5) 

b . (5) . 3 b : /I € NO induct - t^O - t^l . 4- cd = cd . 3 . (/t +o l)r 4- o) = cd (6) 

b . (4) . (6) . Induct . 3 b : e NO induct — e^O — t^l . 3 . /4r 4- co = cd (7) 

b . (3) . (7) . 3 b : /i € NC induct — t^l . 3 . /tr 4- cd = cd : 

[*262*26] 3 b : a e NO fin.3.a + cD»cD:3b. Prop 
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*263-4. I- : P e w . D . D‘P, C O fin . Nr“D‘Pr - NO fin 
Dem. 

h . *264-182 . 3 h : Hp . 3 . D‘P, C 1^‘P . 

[*263-3] 3 . D‘P, C n fin (1) 

h . *263-31 . 3 h !. Hp . 3 : a < Nr‘P . = . a e NO fin : 

[*266-11] 3 ; o e Nr“D‘P, . = . a e NO fin (2) 

H . (1) . (2) . 3 l~ . Prop 

*263-401. h ; P e o) . a e sect'P — t‘A — t‘(7‘P . 3 . E ! maxp'a 
Dem. 

I-. *250-65. 3h!Hp.3.P^a~eNr‘P. 

[*26317] 3.Ppa~e®. 

[*263*26. Transp] 3 . E ! maxp'a : 3 f* . Prop 

*263-402. h : P e 0 ) . 3 . sect'P - t‘A - t‘£7‘P = P*“0‘P 
Dem. 

h. *205131-22. *263-401. 3 

h : Hp . a. e sect'P — t‘A — t‘(7‘P . 3 . a w P“a = P‘maxp*o w t‘maxp‘a . 
[*211*1.*91*64] 3.a = P*‘maxp‘a. 


[*206-111] 

3.oeP#«(7‘P 

(1) 

h. *211-3-13. 

3h.Hit«C‘PCsect‘P 

(2) 

h. *90-12. 

3l-.P„t“C'‘PC-t‘A 

(3) 

h . *205-197 . 

3 h J Hp . xe C‘P . 3 . E ! maxp‘P#‘a! . 


[*263-22] 

3.P#‘a?+C‘P 

(4) 

f-.(2).(3).(4) 

- ^ 

. 3 1- ; Hp . 3 . Pi^**C*P C aect'P - t‘A - t'C'P 

(5) 


h.(l).(6).3l-.Prop 


*263-41. l-:Pe«.3.P, CD‘P, = P^;P*;P 
Dem. 

h. *213-11-141-151. 3 

h ;. Hp . 3 : Q (P, p D*P,)P . s . (aa./3) . a, /8e8ect‘P-t‘A-t‘(7‘P.oC)8.«+/3. 

Q = P^«;P = P^)8. 

[*263-402] 

a . (a®, y).x,yeOP. P#*® . lP^*x + P»‘y . Q = P t P#‘y • 
[*200-391] 


= • (a®* y) • ®. y e C‘P . Pf^*x C P*‘y . « + « . Q = P ^ P^‘x .R — PI Pif*y . 
[*204-32.*90-12] 

= • (a®.y) • ®-P*y • ® + y •^*‘« c p*‘y . Q= p . p «= p [; p/y . 
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[*201‘14‘15] = . (ga:, y) , coP^y . a: 4= y • Q = P C •R = Pt P*‘y • 
[#20118] = . (ga:, y)._xPy .Q^P ^ P*‘a: . P = P tP^*y . 

[*1501] = . Q (P D5P#'P) P 3 I- . Prop 


*263-411. I- : P e «» . D . C*“D‘P, = P*“a*P w t‘A 
Dem. 

h. *213-141 .*263-402. D 

f- : Hp . D . C“D‘P, = 0“P^“P„t‘‘(7‘P 

[*93-103] = (?“P^“P#“a‘P w t'O'PDP^'P'P 

[*201-621.*202-55] = P#“a‘P w i‘C‘Pl 

[*201-621.*200-35] = P,„“a‘P w i‘A ; D h . Prop 


*263-412. K : P € ® . D . P‘a;, P^*x e Cls induct 
Dem. 

h . *205-197 . 3 h : Hp . a: e C‘P . 3 . E ! inax/.‘P^‘a; . 
[*263-27.*202-56.*120-213] 3 . P^'x e Cls induct . 

[*120-481] 3 . P*x € Cls induct 

h . (1) . (2) . 3 1- . Prop 


( 1 ) 

( 2 ) 


*263-42. l-!Pea>.3.8gm‘P = A4,((7‘P) 

Dem. 

H. *212-21. *211-12. 3 

h ;. Hp.3 :a(sgtn‘P)P. = .« = P“a.)8 = P“/9.«CP. 0=4/9 (1) 

H.(l). *211-1. *205-123. 3 

h : Hp . o (sgm‘P) /9 . 3 . e, p e sect'P . ~ E ! maxp'o .~E ! maxj. ‘/9 . 
[*263-401] 3.o,/9€i‘Awt‘C‘P (2) 

H . (1) . (2) . 3 1- ! Hp . o (sgm'P) /S . 3 . o = A . /8 = G‘P (3) 

h . *37-29 . 3l-:o = A.3.a = P“o ( 4 ) 

1- . *263-22 . 3 h ; Hp . /9 = C'P . 3 . /8 = P“P (5) 

I- . (1) . (4) . (5) . 3 h ; Hp .a = A . /3 = C‘P .3.0 (sgm'P) /8 (6) 

l-.(3).(6).3h.Prop 

*263-43. l-:Pe<».3.a‘P, = <I‘P 
Dem. 

V . *263-141 . 3 h : Hp . 3 . H'P = CI‘(P,)po 


[*91-504] -a‘P,:3l-.Prop 
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*263431. h;PeIl-i‘A.a‘P, = a‘P.~E!5‘P.D.Pea) 

Dem. 

h . *261'35 . Transp . D h ; Hp . D . P e ft infin . 

[*261-44] D.Pil^Pfc'P'PeProg. 

[*261-212] D . P, |- P‘P‘P e Prog . 

[*202-524] 3 . Pi e Prog (1) 

h. *261-212. Dh;Hp.3.P = (Pi)po (2) 

h . (1) . (2) . *263-1 . D h . Prop 

*263-44. f-.a> = ft-t‘AAP(a‘P, = a‘P.~ElP‘P) [*263-43-22-431] 
*263-46. h.a) = ft-t‘AAP(P = P,„.~E!P‘P) [*261*212 . *26344] 


*263-46. h.a) = ftAP(E!P‘Pi.~E!P‘P) 

Dem. 

h. *121-306. *93-101. D 

h : Peft . ~E ! S‘P . a'P. + G'P . D . g ! Q'P - G'Pj . G'P = D‘P - t‘P‘P . 
[*250-21] D.a!D‘P,-a‘Pi-t‘P‘P. 

[*93-101] D . a ! ^‘P, - t‘P‘P (1) 

h . *121-305 . *250-21 . D h : P e ft - t‘A . D . P‘P e B‘P, (2) 

I- . (1) . (2) . D h ! Pe ft . ~ E ! P‘P. a‘P,=l= a‘P . D .'p‘Pi~e 1 . 

[*63-3] D.~E!P‘Pi (3) 

h . (3) . Transp . D I- ; P e ft . E ! P‘P, . ~ E I B‘P . D . G'P, = Q'P . 

[*263-44] D.Pe® (4) 

I- . *250-21 . *263-44 . D h : P e « . D .^‘P, = P‘P . 

[*260-13] D.E!P‘P, (5) 

h . (6) . *263-44 . DI-:Pe®.D.E!P‘P,.~E!P‘P (6) 

h . (4) . (6) . D h . Prop 


*263-47. H.o) = ftrtP{aC 0‘P . D. : a « Cls induct . = . a I G*P np‘P“a\ 
Dem. 

V . *254-52 . D H ; P e «i> . « C C*P . a ! 0*P a p*P*‘a . D . (P ^ a) less P . 

[*263-3] D.Ppacftfin. 

[*261-42-14] D. (7‘(PP a) c Cls induct. 

[*202-66.*120-213] D . o e Ols induct (1) 

h . *261-26 . D H : P 6 0 ) . a C C‘P . a c Cls induct . a 1 « • ^ • B) ! max^'a . 
[*263-22] 3 . a 1 P'naax j>‘« • 

[*205-66.*40-69] ? . g 1 C^Pa^'P"* (2) 
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[part V 


h.(l).(2).#40-2.D 

h P e ® . a C C?‘P . D : a 6 Cls induct . = . g ! (7‘P a ^)‘P“a (3) 

h. *40*2. #120-212.3 

h :: P € 11 a C C‘P . D. : a e Cls induct . = . g ! C‘P a j)‘P“a D • g ! P (4) 
h . (4) . #200-51 . 3 h : Hp (4) . D . C‘P~ 6 Cls induct (5) 

h. #250-1 6. 3 

I- : Hp (4) . g ! Q'P - Q'P, . 3 . P‘minp‘(a‘P - Q'P.) 6 Cls induct . 
[#261-26] 3 . E ! maxi.‘!pminp‘(a‘P - Q'P.) . 

[#205-252] 3 . minp‘(a‘P - Q'P,) e C'P. (6) 

l-.(6).Transp. 3 h : Hp(4) . 3 . C'P, = Q'P (7) 

h . (5) . (7) . #261-34 . 3 h : Hp (4) . 3 . ~ E ! P‘P (8) 

I- . (4) . (7) . (8) . 3h:Hp(4).3.P€a) (9) 

l-.(3).(9).31-.Prop 

#263 48. I- . 6) = 11 A P {a C (7‘P . 3. : a ~ 6 Cls refl . - . g ! 0‘P A p‘P“a| 
[#263-47 . #261-47] 

#263-49. t.llfinw® = llAP (H'P, = Q'P) = 11 a > (P = P,„) 

Dem. 

h . #261-22 . #263-44 .3l-:P€nfinw®.3. Q'P, = Q'P (1) 

h . #261-34 . #263-44 . 3 I- : P e H . Q'P, = Q'P . 3 . P e 11 fin w « (2) 
h . (1) . (2) . 3 I- . n fin w ft) = H A ^ (Q'P. = Q'P) 

[#261-212] = n A P (P = P,„) .31-. Prop 

#263-491. l-:Penfinwft).3.P = (P,)po . P, = (P,). 

Devi. 

V . #263-49 . #261-212 . 3 h : Hp . 3 . P = (P,)po . (1) 

[#91-602.#121-103] 3.P(a;wy) = P,(a;My). 

[#121-11] 3.P. = (P,). (2) 

I- . (1) . (2) . 3 1- . Prop 

*263-6. I- : P e n infin . 3 . P p (i‘B‘P w K‘B‘P) e ft) 

Dem. 

I-. #261-45. 3h:Hp.3.P.pP,„‘B‘P6Prog (1) 

I- . #260-33-27 . 3 1- ; Hp . 3 . (P, rK‘B‘P)po = Ptn t (t‘5‘P wX‘5‘P) 
[#260-32] =Pp(#‘B‘PwP,„‘B‘P) (2) 

H . (1) . (2) . #263-1 . 3 h . Prop 
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l‘P‘P w Pta‘P‘P « D‘(P, A /) . t‘P‘P W P,„‘5‘P e Q'sgm'P 

Dem. 

H . *263’5’22 . D h ; Hp . D . ~ E ! w Pf^‘B‘P) (1) 

h . *260-1 1 . 3 h : Hp . 1 / e Q'P - P,„‘P‘P . x e%„‘B‘P . 3 . 

P(B‘P M y) ~ e Cls induct . P (B*P \-\x)e Cls induct . 
[*120-49] 3 . Nc‘P (P‘P t-H y) > Nc‘P (P‘P w x) . 

[*117-222.Tran8p] 3 . ~ (jfPx) (2) 

h.(2).Transp. 3 h : Hp . 3 . P“K‘5‘J“ C ^P u K u'-B'jP (3) 

I- . (3) . *93-101 . 3 I- : Hp . 3 . P“(t ‘P‘P C K‘5‘P) C t‘P‘P w (4) 

f- . (1) . (4) . *211-41 . 3 h : Hp . 3 . i‘B‘P u K‘P‘P e !>'(-?* ^ I) • (5) 

[*212-162] 3 . i‘B‘P u%^‘B‘P e Q'sgm'P (6) 

F.(6).(6).3h.Prop 

*263-62. f- : P € A infin - « . 3 . (ga;) . xeG^P .%„‘B‘P w i‘B‘P='P‘x 
Dem. 

y . *263-49 . Transp . 3 H ; Hp . 3 . g ! Q'P - H'P, . 

[*260-27] 3 . g ! H'P -%„‘B‘P . 

[*260-1 21] 3 . E ! n»inp‘(CI‘P -%„‘B*P) . 

[*263-51.*206-25.*211-720] 3 . (ga;) . a; e H'P . P,„‘P‘P w t‘P‘P=P‘a;; 

3 i- . Prop 

*263-63. I- : P € A infin — w . 3 . Nr‘P •> w 
Dem. 

h . *253-13 . *263-52 . 3 h : Hp . 3 . P ^ (Pm'P'P « t‘P‘P) e D‘P, . 
[*263-5] 3 . g ! 0) A D‘Pt . 

[*256-17.*263-18] 3 . Nr‘P > w : 3 h . Prop 

The above proposition shows that a is the smallest of infinite ordinal.-^. 
The same fact is otherwise expressed by the following proposition. 

*263-64. h : oeNO infin — t‘<» . 3 . «5><» [*263-53] 

*263-66. l■:Pe6).3.Ptenl-i-i . ?‘P e » -i- 1 
Dem. 


V . * 253 - 511 . *263-44 .31-: Hp . 3 . P* e o> -i- 1 
I- . *252-372 . *263-44 . 3 h : Hp . 3 . s‘Pe « + i 
I- . (1) . (2) . 3 h . Prop 


11 
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[part V 

The following propositions are lemmas for proving o) X 2^ = « (*263*63). 

*263*6. h :: PeSer Jlf = P x y) . D RM^S . = : 

(gw) . u € C^P . R^x . S=^y . (gw, v) . uP{o .R-^y ^u^S^oo^v 


Dem. 

h • *166*111 . D I- Hp . uPv.R = xluiS = xlv.v.8 — ylvzD- 

RM(y 4 u ) . (y J, w) MS . 

[*201*63.*204*55] D . (RM,S) (1) 

Similarly h Hp . uPv nR = ylu.S==ylv.1>,o^ (RM^S) (2) 

h. *166*111.3 

l-:Hp . uPw . wPv ,R — ylu»S = xXv,’^. RM(x ^w).{x \,w) MS . 
[*201*63.*204*55] 3 . {RM,S) (3) 

V /(I) . (2) . (3) . Transp . *166*111 . 3 
h Hp . RMiS . 3 : (gw) .R = x .S ^y .ue C^P . v . 

(gw, v) . wPiW . R — y lu . S^x Iv (4) 

h . *166*111 .31-: Hp .P = a;,[w.S = y4^' RM{x w) . 3 . SM{x ^ v) (5) 


I- . *166*111 . 3 h Hp . R = X \^u . S — y » RM{y 4 w) . 3 : w = w . v . uPv : 

[*166*111] ’^ly ^v — S.y .SM{y \,v) (6) 

h. *166*111. 3 

h : Hp .R — ylu.8 = x\,v. uP^v . RM{y ^ w;) . 3 . 8M{y ^ w) (7) 

h . *166*111 . 3 h Hp .R — y^u.S — x^v. uP^v . RM{x^w ) . 3 : 

a; 4 ^ ^ ^ i '^) (^) 

h . (5) . (6) . (7) . (8) . 3 h :. Hp : u e G^P .R — x^u.8^y^u,y. 

uPiV .P = y4,w.£> = a?^w:3 - RMjS (9) 

h.(4).(9).3h.Prop 

*263*61. h : P € Ser .x^y,M=Px(xly),0, d^Mi = y ^*^C^P\jx 
[*263*6] 

*263*62. h:P€ft).ir=f=y.3-Px(a?4y)^® 

Dem, 

h . *263*61*43 . 3 h : Hp . 3 . Q^fP x (^ | y)], = y l^^O^P u a: l^^d^P 


[*166*111] = a^{P X (xiy)} (1) 

h . *251*55 . 3 h : Hp . 3 . P x (a; ^ y) ^ H (2) 

h . *166*14 . 3 h : Hp . 3 . P X (a; 4 y) € - i^A (3) 

h . *166*16 . *263 22 . 3 h : Hp . 3 .^'Cnv^{P x(xly)}^A (4) 

h . (1) . (2) . (3) . (4) . *263*44 .31-: Hp - 3.Px(a;4y)€«^*^l" - Prop 

*263*63. h . ft) X 2r = CD 
Dem, 

h .*263*62*17 . 3 h : PecD . Q€2,.. 3 . Nr'(P x Q) = ft) (1) 

h.*184*13.*263*l7.3h:P€ft).Q€2,..3.Nr^(PxQ) = ft)X2^ (2) 
I- . (1 ) . (2) . 3 h : g ! ft) . g ! 2^ . 3 . ft) X 2,. = ft) (3) 

h. *184*11. 3h:ft) = A.3.ft)>c2y = A (4) 
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h . *123-14 . *263101 .D}-;aIa).D.aI2. 

[*262-21] D.aJ2, (6) 

h.(3).(4).(5).Dh.Prop 

The following propositions are lemmas for proving *263'66. 

*26364. I- : P, Q e Ser . m c (7‘P . zQ,^w . M = P y. Q . {z ^ x) Mi{w I m) 

Dem. 

h . *166-111 . D h : Hp . D . {z ^x)M{w ^x) (1) 

V . *166-111 .31-:. Hp . {z ^ x) M (u ^ y) xPy .v .x = y. zQu ; 
[*204-71] 3 : xPy .v ,x=y .u = to .v .x = y , wQy : 

[*166-111] 3 : («>4 y) • ^ "I®)" (“ i y) (2) 

h . (2) . *204-65 . 3 h : Hp(2) . 3 . ~ {(« 4, y)Miw i a,)} (3) 

I- . (1) . (3) . *201-63 . 3 h . Prop 

*263*641. h : P, Q e Ser . z = B‘Q . w = B‘Q . xP^y . M = P x Q .'2 . 

{zlx)Mi(wly) 

Dem. 

, h.*166111.3l-:Hp.3.(0;a:)Jlf(w4,y) (1) 

h .*166-111 .31-;. Hp . (z I x)M{u 4 ®) . 3 : xPv : 

[*204*71] 3:v = w.v.tfPt; (2) 

I-. (2). *166-111. 3 

h :. Hp . (« 4 ®) -^(w \,v).'^iu^v = w ^y .{w ^y)M(u ^v)'. 

[*204-55] 3:~{(«4»)ilf(wiy)} (3) 

h . (1) . (3) . *201-63 . 3 h . Prop 

*263-642. 1- : P. Q e Ser . ilf = P X <2 . 3 . ((7‘P x Q'Q,) C Q'Jlf, [*263 64] 

*263-643. 1- : P, Q e Ser . E ! P‘Q . E ! . if = P X Q. 3 . (P‘Q) 4“a‘P, CH'if. 

[*263-64] 

*263*65. I- : Pe w . Qeft 6n — t‘A . 3 . P X Qe® 

Dem. 

h. *2.51-55. 3l-;Hp. 3. PxQcH (1) 

h . *166*14 . 3 h : Hp. 3 .P X Qe — t‘A (2) 

h . *263-642-643 . *261-24 . 3 

1- : Hp . 3 . ((7‘P X a‘Q,) w (P‘Q) 4,“a‘P, C a‘(P, X Q), . 

[*263-49] 3 . ((7‘P x <1‘Q) w (P‘Q) ;“a‘P C a‘(P x Q \ . 

[*166-12-16] 3 . (7‘(P X Q) -^‘(P x Q) C a‘(P x Q \ . 

[*93-101.*201-63] 3 . a‘(P x Q) = a‘(P x Q), (3) 

I- . *166-16 . *263-22 . 3 1- : Hp . 3 . P‘Cnv‘(P x Q) = A (4) 

h . (1) . (2) . (3) . (4) . *263-44 . 3 h . Prop 

*263*66. h : a e NO fin — i‘0r . 3 . ® Sc « = ® [*263-65] 

The proof proceeds as in *263*63. 



♦264. DERIVATIVES OF WELL-ORDERED SERIES. 


Summary of ♦264. 

The principal purpose of the present number is to show that every 
infinite well-ordered series is the sum of a series of progressions followed 
by a finite tag,, which may be null For this purpose, we proceed as follows : 
If X is any member of C‘P, it must belong to the family, with respect 

to Pj, of some member of <7‘P — Q^Pi, unless a? = P*P and P^P«^e(I*Pi. 

Assuming that we have either rs^TStlB^P or P^PeQ'Pi, and assuming 
further that P is an infinite well-ordered series other than a progression, 
it follows that every member of C*P belongs to the family, with respect 
to Pj, of some member of C^^P, because, by ♦216*611, C^*P = D^Pi — fl^Pi 
in the circumstances contemplated (♦264*15). Now P limited to any one 

family with respect to Pj is a progression, unless that family includes B‘P ; 

SJ 

land if it includes B^P, it is finite. Hence our proposition follows. 

An important consequence of the above proposition is that every cardinal 
which is not inductive and is applicable to classes that can be well-ordered is 
a multiple of Hq (♦264*48). 


For the purposes of this number we need a notation for the series of 
series each of which consists of the family of some member of C^V^P. We 
therefore put 


= Dft[^264]. 


Here ** pr ” is intended to suggest “ progression.” When P € ft infin — a>, 
P.r is the series of progressions (possibly ending in a finite tag) whose 
sum is P (or P P D^P, in one case). Before using this definition, some 
preliminary considerations are necessary. V*P is the series of limit-points 
of P, including B^P, In order that V^P may exist, there must be at 
least one limit-point besides B^P, Now the limit-points of a series are 
O^P — Q^Pj, ie, the limit-points other than P*P are Q^P — Q^Pi (♦216*21). 
Hence when B^P exists and Q*P — CI‘Pi exists, V‘P exists. Hence by 
♦263*49, 


♦264*13. h P € ft . D : g ! V'P . = . P € ft infin — w 
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I,e. a well-ordered series whose derivative exists is one which is infinite 
and not a progression. We have similarly 

*26414. h:Peftinfin-®.D.O^V^P«(7*P-a'Pi 

and 

*26412. h:P€fl.D.a'V'P=:a'P-a^P, 

We next proceed (*264*2 — *261) to study the posterity of a term x 
with respect to Pi, t.e. the series P^Pi),|f'a?. We show that if this series 

has a last term, it is finite (*264*21), and ends with B^P (*264*2), while 
if not, and if xeC^Pi, i,e. if x has either an immediate successor or an 
immediate predecessor, the series is a progression (*264*22). Hence we have 

*26423. Vi.Pea.xea^V*PrsC^P,.^i 

E ! ^ = P'Cnv^V^P . E ! P'P 

Moreover, if xe O^Pi, the ancestry of x with respect to Pi must end with 
a member of the derivative’ of P, i.e, 

*264*233. h ; P € fl intin — w . a? e C^Pi . D • min p\Pi)^^x e C^^P 

We thus arrive at the result that if P has a last term, so has V^P 
(*264*24), and if x is any member of the derivative except the last, the 

series P ^ (Pi)^^x is a progression (*264*25), while if x is the last term of 

4 — 

the derivative, and the series P has a last term, then P ^ (P,)^‘a; is finite 
(*264*252). Moreover the supposition that P ends with a member of the 
derivative is equivalent to the supposition that P ends with a term which 
has no immediate predecessor (*264*26). 

We now proceed (*264*3 — *403) to consider the relation Pp, defined 
above. If we take any term y in a well-ordered series, there is some term 
X belonging to C^P — Q'Pi such that the family of y with respect to Pi 
is the posterity of x. This results from *264*233 above. Thus we may 
divide the field of P into mutually exclusive stretches, each of which is the 
posterity of some member of (7'P — Q‘Pi with respect to Pi. The series of 
series thus obtained is Ppj. There is an exceptional case, when the series 
ends in a term having no immediate predecessor, for then the posterity of 
this term with respect to Pi is null, and therefore Ppr omits this term. 
Otherwise, we shall have — P ; i.e, we have 

«264'39. h : P e n infin - » . ~ (P‘P e C‘V‘P) . 3 . X‘Pp, = P 
«264391. h:PeO.P‘PeC7‘V‘P.3.2‘Pp, = PDD‘P 
Moreover we have 

#264-36. h:P€ii.3.Pp,smorV‘P.Pp,€Rel>excl 
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From what was proved earlier we know that, assuming Pell, we have 
D*Pp,C«i> (*264’401); if P has no last term, C‘Pj„Ca>; if P is infinite and 

has a last term, is finite, and if the last term of P belongs to 

P^Ppr = A. Hence, using 3 |j 251*63, which assures us that, in virtue of 
9|e264*36 above, if C^Ppt C S^Ppr is a multiple of co, we find (*264*44?) that 
every well-ordered series has an ordinal number of the form (a >C cd) - j- /8, 
where a and may be any ordinals, including 0^ and 1 (putting 1 >C a = a to 
avoid exceptional cases). The above account omits the exceptional cases, 
which require special treatment and render the proof long; but in the end 
the above simple result is obtained. 

Since a multiple of No is not increased by the addition of an inductive 
cardinal, it follows (^264*44) that the cardinal number of the field of an 
infinite well-ordered series is always a multiple of No (*264’47). Hence 
if all classes can be well-ordered, all cardinals which are not inductive are 
multiples of No. In virtue of Zermelo’s theorem, the same result follows if 
the multiplicative axiom is true. 


9K26401. Ppr = PDK-^i)*5V^P Dft[*264] 

)K26411. h P € ft . D : a ! sgm^P . = . P e ft infin 
Dem. 

h . ^1^263*51 . D h : P € ft infin . D . g ! sgm^P (1) 

h . 51^212152 . *211*41 . D h : Pe ft . g ! sgm^P. 3 . g ! sect^P— PA ~ Q^maxp . 
[*261*28.Transp] D.Peftinfin (2) 

h . (1) . (2) . D I- . Prop 

*26412. h : P 6 ft . D . Q^V^P = Q^P - Q^P, 

Dem, 

y . *216*61 . D h : Hp . a ! P . D . Q'V^P = Q^P - Q^P^ (1) 

y . *216*612 . *33*241 . D 1- : P = A . D . Q^V^P = A . Q^P - a^P, = A (2) 
h . (1) . (2) . D h . Prop 

*264*13. I- P 6 ft . D : a 1 • = * P e ft infin — ct> 

Dem, 

h . *264*12 . D h Hp . D : a ! V‘P. = . a ! Q^P- Q^P, . 

[*263*49] = . P e ft infin — o) : D h . Prop 

*264*14. h : P € ft infin - o) . D . C^V^P = C^P - H^Pi [*264*13 . *216*611] 

*264*16. h P € ft infin - co : ~ E ! B^P • v . B^P e Q^Pi : D . C^V^P^’b^P^ 
Dem, 

h . *26414 . *93*103 . D h : Hp . E ! P^P.D.(7'V'P=(7^P-a^Pi.C7'P=rD^P. 
[*93*101 .*250*21] :>. (7^V^P=^^Pi (1) 
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( 2 ) 

( 3 ) 


I- . *931 01 . D h ; £‘P e Q'P, .O.G‘P- a‘Pi C D‘P 

h . (2) . *26414 . D h : Hp . B‘P e Q'P, . D . P'V'P = D‘P - Q'P. 

[*93101.*250-21] =B‘P, 

l-.(l).(3).DI-.Prop 

*264'2. !■ : P e fl . E ! ma,Kp*(Pi)^‘x . D . maXi>‘(Pi)#‘ic = B‘P 

Bern. 

h . *206'42'46 . D H : Hp . D . seqp‘(P,)jK‘j; = Pi‘maxp‘(P,)j|t‘a; . 

[*90"16J D . seqp‘(Pi)jK‘a; C (P • 

[*206-2] D.5p‘(P^‘* = A. 

[*250126] D . maxp‘(P,),|t‘a: = B‘P : D I- . Prop 

*264*21. I- : P e li . E ! maxp‘(Pi)j((‘a; . D . 

P C e n fin . P (a; M B‘P) e Cls induct 

Bern. 

h . *200-35 . D I- ; Hp . ^i)^‘a; = i‘a; . D . P t = A 

4 - 


( 1 ) 

I- . *260 27 . D h : Hp . (P^ 4 ^‘x 4= t‘a; . D . a:Pf„ maxp‘(P,),|(‘a5 . 

[*260*11] D . P (a; t-H maxp‘(Pi)#‘a!j e Cls induct . (2) 


[*205-2] 

h . (1) . (2) . (3) . *264-2 . D h . Prop 


D . C‘P P (P,)*‘a: e Cls induct 


(- 3 ) 


*264*22. 1- : P e n . ~ E ! inaxp‘(P,)j|f‘a; . x e C‘P, . D , P f {Pi)^‘x e m 

Bern. 


V . *260*32-34-27 . D I- : Hp . D . (P ^ (Pi)*'*), = {(P,)*‘a;) ] P. . 
[*122-52] 3 . {P D e Prog 

I- . (1) . *260-33 . D h ; Hp . D . [{P D (A V^*l,]po = P D (A V* 
h.(2).(3).*263*l.DI-.Prop 

*264*221. h : P € H . a; (V'P) y .0 . P(x — y)'^e Cls induct 
Bern. 

I- . *207-34 . *216-6 . D I- ; Hp . D . xP^y . y = Itp'P'y . 

[*207*25] D .xP^y .y — \tp‘(P‘xr\ P‘y) . 

[*207*13] D . xP^y . ~ E ! m&xp‘(P‘x n P‘y ) . 

[*261*26] D . P‘x f\ P‘y ~ e Cls induct : D I- . Prop 


( 1 ) 

( 2 ) 

( 3 ) 


*264*222. h ; P € fl . P‘x e Cls induct . D . a: <>.> e D‘V‘P [*264*221 . Transp] 
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*264-223. h : P € fi . P (« - y) ~ e Cls induct . 3 . 3 ! (I‘V‘P nP(x-i y) 
Dem. 

(- . *261-3 . D t- : Hp . D . (ga) .«CP(a!-y^.a!a.~E! max/a . 
[*250-122] 3 . (ga) .aCP(a; — y) . g ! a. E! Itp‘a. 

[*206 213] 3 . (ga) . a C P (a: — . g ! a . Itp'a eP{x—\y). 

[*206-181] 3.g!D‘ltpAa‘PAP(a;-Hy). 


[*216-602] 


3 . g ! Q'V'P A P(a!-4y) : 3 h . Pro^ 


*264-224. H ; P € fl . a; = P‘Cn v‘V‘P . E ! P‘P . 3 . P‘a: e Cls induct 
Dem. 

h . *264-223 . Transp .31'; Hp . 3 . P (a: — P‘P) e Cls induct ; 3 h . Prop 

*264-225. I- P e 11 . a; € (/‘P, . 3 : E ! maxp‘(Pi)jK‘a! . = . (Pj)^‘x e Cls induct 
[*264-21-22] 

*264-23. l-:.Pell.a;€C‘V‘PAC‘P,.3: 

E ! m&xp‘{Pi)^‘x .x = P‘Cn v‘V‘P . E ! B‘P 

Dem. 

V . *264-2 . 3 h ; Hp . E ! maxp'^P^'a; . 3 . E ! P‘P (1) 

V . *264-21-222 . 3 h : Hp (1) . 3 . a; ~ e D‘V‘P . 

[*93-103] 3 . a; = 5‘Cn v‘V‘P (2) 

I- . *264-224 . 3 I- : Hp . a; = P‘Cav‘V‘P . E ! B‘P . 3 . P‘a; e Cls induct . 

[*120-481-261] 3 . « Cls induct . 

[*90-12.Hp.*261-26] 3 . E ! maxp‘(P,)^‘a! (3) 

h . (1) . (2) . (3) . 3 h . Prop 

*264-231. I- : P € n . a; € (7‘ V‘P - C‘P. . 3 . a: = P‘Cn v‘V‘P = P‘P 
Dem. 

h . *2.50-21 . 3 I- : Hp . 3 . a;~eD‘P . 

[*93-103] 0.x=B‘P. (1) 

[*216 6] 3.a;~eD‘V‘P. 

[*93-103] 3 . a! = P‘Cnv‘V‘P (2) 

I- . (1) . (2) . 3 h . Prop 

*264-232. l-;.Pen.a;cC‘V‘P.3: 

{Pi)^‘a: e Cls induct . = .x = P‘Cnv‘V‘P . E ! P‘P 
This proposition differs from *264-23 by not assuming that xeC^Pj. 

If B*P has no immediate predecessor, B‘P€C‘V‘P — C‘Pi, so that B‘P 
satisfies the hypothesis of *264-232, but not that of *264-23. 



SECTION E] DEltlVATIVES OP WELL-OBDERED SERIES 


h . *9013 . D h : Hp . (P,)*'® = A . D . a: ~ e (7‘Pi . 

[*264-231] D.a;=B‘Cnv‘^‘P.E!P‘P (1) 

h . *120-212 . D I- : Hp (1) . D . e CIs induct (2) 

h . *264 225 . D 

h Hp . a ! (Pi)^‘a; . D : e CIs induct . = . E I maxp‘(Pj)^‘x . 

[*264-23] = . a: = P‘Cnv‘V‘P . E ! P‘P (3) 

I- . (1) . (2) . (3) . D . Prop 

*264-233. h : P e n infin — co^xe G‘Pi . D . min p‘(Pi)^*x e G‘V*P 
Dein. 

I" . *250-121 . D h ; Hp . D . E ! minp‘(P,)4(j‘a: (1) 

h . *90172 . D h : Hp . y (Pi)^ x . zP^y .0 .ze {Pi)^‘x a P‘y . 

[*205-14] D.y + min/^^a;’ (2) 

► 

I- . (2) . Transp . D h : Hp .y = minp‘(P,),|t‘a: . D . y~eQ‘P| . 

[*264-14] D.ye(7‘V‘P (3) 

I- . (1) . (3) . D h . Prop 

*264-24. I- : P € n infin . E ! P‘P . 3 . E ! P‘Cnv‘V‘P 
Dem. 


h . *264-12 . 3 1- : Hp . P‘P ~ € C‘P. .O.B‘Pe G‘V‘P . 

[*216 6] O.B‘P = P‘Cnv‘ V‘P (1) 

I- . *264-233 . *263-22 . 3 I- ; Hp . B‘P e G‘P, . 3 . minp‘(P, Jp'P e 0‘ V‘P (2) 
h . * 205 - 55 . 3 h : Hp ( 2 ) . x = minp‘(P,)j|t‘P‘P . 3 . P‘P = maxp‘(P,)j|t‘x . 
[*264-23.(2)] 3 . X = P‘Cnv‘ V‘P (3) 

I- . (1) . (3) . 3 i- . Prop 

*264-25. h:P€n.X6D‘V‘P.3.Pt CP^‘» e a> 

Dem. 

V . *264-232 . *250-21 .31-: Hp . 3 . (Pi)*‘x ~ e CIs induct . x e D'P, . 
[*264-225] 3 . ~ E ! inaxp‘(P,)j(j‘x . x e D‘P, . 

[*264-22] 3 . P ^ (P,)jn‘x £ ai : 3 h . Prop 

*264-261. l-:Peft.~E!P‘P.X€(7‘V‘P.3.PD(P,)*‘®€® 

Dem. 

h.*250-21.3h:Hp.3.X€D‘Pi. 

[*264-23.Hp] 3 . ~ E 1 maxp‘(P,),|j‘x . x e D‘P, . 

[*264'22] 3 . P ^ (Pj),l(‘x £ a> : 3 I- . Prop 


B.&W. III. 
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*264-262. I- : P 6 ft . E ! 5‘P . a; = P‘Cnv‘ V‘P . 3 . P t (P.)*‘a-- e ft fin 
Dem. 

V . *264*23 . 3 h : Hp . x e C'P, . 3 . E ! maxp‘(Pi)#‘a; . 

[*264-21] 3.PC(P,Va;e«fin (1) 

*90-14. 3f-:a;~6C'‘P,.3.Pp(P,Va: = A (2) 

I- . (1) . (2) . 3 1- . Prop 

*264 26. I- P e ft . 3 : P‘P e C‘V‘P . = . E ! P‘P . P‘P~ e Q'P. 

Dem. 

f-. *14-21. 3l-;P‘PeC'‘V‘P.3.E!P‘P (1) 

h . *264-12 . 3 h : Hp . P‘P e C‘V‘P . 3 . P‘P ~ e- H'P, (2) 

h. *264-12. 3l-:Hp.P‘P~ea‘P.. 3. P‘PeC‘V‘P (3) 

I- . (1) . (2) . (3) . 3 h . Prop 

*264-261. H :. P e ft . 3 ; ~ (B‘P e 0' V‘P) . = . O'P = (7‘P, 

Dem. 

V . *264-26 . 3 h ;; Hp . 3 :. ~(P‘P € C‘V‘P) . - : ~ E ! P‘P . v . P‘P e Q'P, ; 

[*202-52] =:^PCa‘P,: 

[*250-21] =:C‘PC C‘P , : 

[*121-322] =:C‘P= C‘P , :: 3 h . Prop 


*264-3. h : QP^,R . = . (^x, y) .x(V‘P)y .Q= Pl{P,)^‘x . R = Pt (P,)#‘y 
[(*264-01)] 

*264-31. h;.P€Ser.3;QPp,P. = . 

(a«, y) • 2 / 6 C‘P - a‘P, . xPy . Q = P C (Pi)*‘a; ■ P = P D tPi)*‘y 
[*207-35 . *264-3 . *216 6] 

*264-32. I- . C‘Pp, = P C “(P0 ,k“C7‘V‘P [*15022 . (*26401)] 


*264-321. h : P e Ser . a: e (7‘ V‘P . 3 . (Pi)*‘a:~ e 1 
Dem. 

V . *216*611 .31-: Hp . 3 . a; e C‘P — Q'Pj 
I-. *90-14. 3 h : a; ~ e (7‘P, . 3 . (P,)#‘a; = A 

h . *121*305 . 3 h : Hp . a; € D‘Pi . 3 . g ! (P,)#‘a: — i‘a: . 
[*90-12] 3.(P.)*‘aj~el 

h.(l).(2).(3).3l-.Prop 

*264-33. h ; P e Ser . 3 . C“0‘Pp, = 

[*264-321 . *202-55 . *264*32] 


( 1 ) 

( 2 ) 

( 3 ) 
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*264-34. h;Pen.®,T/e(?‘P.Pt(P,Va! = PC(Pi)#‘y.3.® = y 
Dem. 


V . *264-321 . *202-55 . D h : Hp . D . (P,)#‘« = (Pi)*‘y (1) 

h . (1) . *90-12 . D f- : Hp . ® e (7‘P, . D . ® (Pi)#y . y (Pi)*® . 
[*260-22.*91-541] = y (2) 

h. *250-21. Dh;Hp.a;~eC‘P,.D.® = P‘P (3) 

h . ( 1 ) . *90-12-14 . D h : Hp . a;~ e (7‘P, . D . y~ € C‘P, . 

[*250-21] D.y = P‘P (4) 

h.(3).(4). Dh:Hp.a:~e(7‘P,.D.® = y (5) 

h . (2) . (5) . 3 h . Prop 


*264-341. h : P e Ser .x,y€ G‘V‘P . x . 3 . ® = y 
Dem. 

h . *216-611 . 3 h : Hp . 3 . y ~ € Q'P, . 

[*91-504] 3.~{a;(Pi)p„y}. 

[*91'54] 3 . a; = y : 3 h . Prop 

*264*35. V zP e Ser . x, y e G‘V‘P . g ! (Pj)*‘x n (P,)*‘y . 3 . x = y 
Dem. 

h . *96-302 .31-:. Hp . 3 : x {P^^fy • v . y (Pi)*x : 
[*264-341] 3 : X = y :. 3 I- . Prop 

*264*36. I- : P € H . 3 . Pp, smor V‘P . Pp, e ReP excl [*264*34*35] 
The following propositions lead up to *264*39*391. 


*264 37. I- : P € ft infin - ® . 3 . i‘(7‘Pp, = P,p 
Dem. 

I- .*264*32 .31-:. Hp.3 :x(s‘(7‘Pp,)y . = . (aa).a6(7‘V‘P.x,y e(Pi)*‘a.xPy . 
[*260*32*27] = . (ga) . a e G‘V‘P . x, y e(P,)*‘a . xP,„y . 

[#264*233*35] = . (ga) . a = niini.‘(P,)#‘x = tninp‘(P,)jK‘y . xP,„y . 

[*13*195] = . nunp‘(Pi)i^‘x = mi^‘(P,)*‘y . xP,„y (1) 

I- . *260*27 . 3 I- : Hp . xP,„y . 3 .^3^ ‘xC(P iVy . 

[*205-5] 3 . minp‘(P.)#‘x = minp‘(P,^‘y . (2) 

I- . (1) . (2) . 3 h :. Hp . 3 : X (PG*P„) y • ^ • ®Pfny :• 3 h • Prop 


*264-371. I- : P e Ser . a (V‘P) 6 . 3 . (P.)*‘a C P‘6 
Dem. 

h. *216*6. 31-:Hp.3.aeP‘6 (1) 

1- . *204*71 . 3 h : Hp . xP6 . xP,y . ~ (yP6) . 3 . y = 6 . 

[*33-14] 3.6ea‘P, (2) 

I- . (2) . Transp . *216*611 .31-;. Hp . 3 : xPb . xPjy . 3 . yPb (3) 
I- . (1) . (3) . *90*112 .31-:. Hp . 3 : a(Pi)^x . 3 . xP6 ;. 3 h . Prop 
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«264*372. b : P e Ser . D . PJP^, G P-^P,„ 

Dem. 

h.*264-3-321. *202-66. D 

h Hp . D : « (FiP„) y. = . (go, b ) . a (V‘P) 6 . ar e (P Va . y e (^‘6 • (1) 

[*264-371] D.a:Py (2) 

I- . *264-35 . 3 h : Hp . a ( V‘P) h.xe (Pi)^‘a . y e (Pi)^‘b . D . y ~ e (P^‘a . 
[*90-17] D.y~€(P,)*‘®. 

[*260-27] 3.~(a;Pfny) (3) 

h . (1). (2) . (3) . D h : Hp . O.F>Pp,QP^Ptn OK. Prop 

*264-373. K : P e ft . ~(P‘P e Cf‘V‘P) . D . P-^P,„ G PJPp, 

Dem, 

h . 9|e264-261-233 . *263 49 . D 

h : Hp . a?(P— Pfn)y . D . minp^(Pi)9lf^ic, minp'(Pi)^^y e (7^V^P (1) 

> — — > 

K . *96-301 . D K :. Hp . niiDp‘(P,)jK*a: = miDp‘(P,)jK‘y . D : a: (Pi)*y . v . y (POjitaJ : 

[*260-27] D ; a! = y .V . ayP^y . v . yPin^c (2) 

I- . (2) . Tfansp . D K : Hp(l) . D . minp‘(Pi)^‘a; + nnDp‘(Pi),((‘y (3) 

K . (1) . *264-371 . D K : Hp . minp‘(PiVy P minp‘(P>‘a; . D.yPa ; (4) 

K . (4) . TraDsp . D K ! Hp (1) . D . ~ {minp‘(Pi)*‘yPminp‘(P.)#‘a;) (5) 

K . (3) . (5) . 3 K : Hp (1) . 3 . ininp‘(P,)jK‘a: P minp‘(P,)j)e‘y (6) 

K . (1) . (6) . D K : Hp (1) . 3 • (ga, 6) . a (V‘P ) b .xe (P,)j(t‘a . y e {Pi)^‘b . 
[*264-3-321.*202-55] 3 . a; (PJPp,) y ; 3 h . Prop 


*264-38. K;Peft.~(P‘PeC'‘V‘P).3.PJPp, = P-^P,„ [*264-372-373] 

*264 381. I- : P e ft . P‘P e C‘ V‘P . 3 . P»Pp, = P D D‘P -:-P,„ 

Dent. 

K . *264-33 . 3 K ; Hp . 3 . 8‘C“C‘P^, C C'P, . 

[*264-26.»42-2] 3 . P‘P ~ c C'PJPp, . 

[*264-372] 3.P;Pp,GPpD‘P.i.P,„ (1) 

K . *250-21 . 3 h : Hp . a;(P^ D‘P-Pta)y . 3 . a;, y e (7‘P, . 
[*264-233.*263-49] 3 . minp‘(Pi)*‘a:, minp‘(P,),|(‘y e (7‘V‘P (2) 

Thence as in the proof of *264*373, 

K : Hp . a; (Pp D‘P^ P,.) y . 3 .x(FiP^) y (3) 

K.(l).(3).3K.Prop 
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♦264-39. h : P e n infin - ~ {B*P e (7‘ V‘P) . D . S'P^, = P 

[♦264-37-38 . ♦26012 . ♦1621] 

♦264 391. h : P € n . P‘P e C" V‘P . D . 2‘Pp, = P^ D‘P 
Dem. 

h. ♦264-13. DhrHp.D.PeilinBn-® (1) 

t- . ♦260-27 . D h ; Hp . D . P,„ = P,„ t (7‘P. 

[♦264-26] = P,„ I D‘P (2) 

h . (1) . (2) . ♦264-37 . ♦260-12 . D h : Hp . D . i'O'Pp, = Pft, . P,„ G P^ D‘P (3) 
I-. (3). ♦264-381. Dh. Prop 

♦264-4. h:Pen.~ElB‘P.D.C‘Pp,C® [♦264-251-32] 

♦264-401. h:Pen.D.D‘Pp,C® 

Dem. 

h . ♦ISl-S . ^264-34 . D I- ; Hp . D . D‘Pp, = P t“CPj)i^“D‘V‘P (1) 
h . (1) . ♦264-26 . D h . Prop 

♦264402. h ; P e ft iafin . E I P‘P . D . P‘Pp, e ft fin 
Dem. 

I- . ^264-24 . h : Hp . D . E ! B‘Gny‘ V‘P. 

[♦161-6.^264-34] D . P‘Pp, = Pp (K^‘P‘Cnv‘V‘P . 
[♦264-2.52] D.5‘Pp,eftfin:DI-.Prop 

♦264-403. h;Peft.P‘Pe(7‘V‘P.D.P‘Pp, = A 
Dem. 

t- . *264-26-231 . D h : Hp . D . P‘P ~ e C'P, . ffP = P‘Cnv‘ V‘P . 

[♦90-14] D . CPi^‘P‘Cnv‘ V‘P = A . 

[♦151-5.^264-34] D . P'Pp, = A : D h . Prop 

The following propositions deal with the various different cases that arise. 
Their net result is expressed in ♦264-44. 

♦264-41. l-:P6ftinfin-«.~E!5‘P.D.Nr*P = Nr‘V‘P>c® 

Dem. 

h . ♦264-36-4 . D h : Hp . D . Pp, e Rel* excl a Nr‘ V‘P . (PP^ C ® . 
[♦251-63] D.2‘Pp,6Nr‘V‘P>(». 

[♦264-39] D.PeNr‘V‘P>c®:DI-,Prop 
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«264*42. H : P e ft . P‘P ~ e O'V'P . V‘P e 2, . D . Nr‘P « « 4- Nr‘P‘Pp, 
Dem. 

I- . #264-36 . D h ; Hp . 3 . Pp,= (P'Ppr) 4 (P'Ppr) • 

[#162-3.#264 39-13] D . P = P‘Pp,4.B‘Pp, . 

[#264-36-401] D . Nr‘P = 0 ) + P'Pp, OH. Prop 

#264-421. h ; P 6 ft . B‘P e C‘V‘P . V‘P e 2, . D . Nr‘P = w + 1 
Dem. 

h . #264-36 . D : Hp . D . Pp, = (B'Pp,) i (P‘Pp,) ■ 
[#162-3.#264-391-1.3] D . P^ D‘P = P‘Pp,4iP‘Pp, 
[#264-403.#160-21] = P‘Pp, . 

[#264-401] D . P P D‘P e <o . 

[#204-461] D.Pe® + l:DI-. Prop 

*264-422. h : P e ft infio - « . B*P ~ e (7‘ V‘P . V‘P ~ e 2, . D . 

Nr‘P = {Nr‘(V‘P)^ (D* V‘P) k wj +Nr*P‘Pp, 

Dem. 

h . #264-36 . #204-272 . D h ; Hp . D . D*P^ ~ e 1 . 
[#204-461.#264-24-36] 3 . Ppr = PprD D‘Pp, P‘Pp, . 

[#162-43.#264-39] D . P = 2"(Pp, ^ D*Pp,) ^.P'Pp, (1) 

I-. #264 36-401. #251 -63.3 

h : Hp . 3 . Nr‘2‘(Pp,p D‘Pp,) = Nr*(V‘P)[ (D*V‘P) ^ a (2) 

t-.(l). (2). #264-36.31-. Prop 

#264-423. h ; Peft . B‘P€C‘V‘P . V‘P~ 62, . 3 . 

Nr‘P = {Nr‘(V‘P ) I (D‘ V‘P) ^ o>j + 1 

Dem. 

As in #264-422, 

I- : Hp . 3 . Pp, = Pp,p D*Pp, -f> P'Pp, . 

[#162-43.#264-391] 3 . Pp D‘P = 2‘(Pp,p D‘Pp,)4:P‘Pp, 
[#264-403] =2‘(Pp,pD‘Pp,) (1) 

h. #264-36-401. #261 -63. p 

I- ! Hp . 3 . Nr‘2‘(Pp,p D‘Pp,) = Nr*(V‘P)p<D‘V‘P) Sc o» (2) 

h . #204-461 . 3 h : Hp . 3 . Nr*P = Nr*(Pp D‘P) + 1 (3) 

l-.(l).(2).(3).3h.Prop 
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«264'429. Df 

'This definition is merely intended to enable us to include 1 with ordinals 
in general formulae. 

#264'44. I- ; Pefl. D .(ga, 0).a e NO w t‘i .^8 e NO fin u t‘l . Nr‘P=(a >(a)+/3 
Dem. 

h . *160-22 . *166-13 .DI-:Penfin.D. Nr‘P = (0^ >C ft>) + Nr‘P (1) 

I-. *160-21. DI-;P = «.D.Nr‘P = (i>^«»)-l-0, (2) 

I- . *264-41 . *160-21 . D 

I- : Pefi infin — ® . ~E ! P‘P . D .(ga) . oeNO . Nr‘P= (a>C®)-}-0r (3) 

I- . *264-42-402 . D 

I- : P 6 n . P‘P ~ 6 C‘ V‘P . V ‘P e 2, . D . (g/9) . y9 e NO fin . Nr‘P= (1 >Ca>)+/3 (4) 
H. *264-421. DI-:P€n.P‘PeC'‘V‘P.V‘P62,.D.Nr‘P = (i^®) + i (5) 
h . *264-422-402 . D h : P e O infin - ® . fi‘P ~ e O' V‘P . V‘P ~ e 2, . D . 

(ga,y3).aeNO./3eNOfin ,Nr‘P = (aXo>)+/3 (6) 
I-. *264-423. DI-;Pefl.fi‘PeC‘V‘P.V‘P~62,.D. 

(go).«eNO . Nr‘P = (ax®)-i-i (7) 
I- . (1) . (2) . (3) . (4) . (5) . (6) . (7) . D h . Prop 

The following proportions apply the above restilts to the cardinal number 
of the field of a well-ordered series. 

*264-46. l-:P6ft.V‘P€2^.D.Nc‘(?‘P = N„ 

Dem. 

I- . *264-42-402 . *180 71 . *152-7 . D 

h : Hp . P‘P ~ 6 V‘P . D . (g/t) . € NO induct . Nc‘C‘P = C“® ft . . 
[*263-101 .*123-41] D . Nc'O'P = N, (1) 

1- . *264-421 . *181-62 . D I- : Hp . 5‘P e 0‘ V‘P . D . Nc‘(7‘P = 1 

[*263-101.*123-4] = N. (2) 

1- . (1) . (2) . D h . Prop 

*264-451. h ; P € ft infin - ® . ~ E ! P‘P . D . Nc'O'P = Nc‘(7‘V‘P x. N, 

Dem. 

V . *264-41 . *184-5 . D h ; Hp . D . Nc‘0‘P = Nc'O V‘P x, 0“® 

[*263101] = Nc‘C‘ V‘P Xj No ; 3 1- . Prop 

*264-462. 1- ; P € ft infin - ® . V‘P~ e 2, . P‘P ~ e C" V‘P . D . 

Nc‘C‘P = Nc‘D‘V‘Px.N. 

Dem. 

h . *264-422 . *184-5 . *180 71 . 0 

I- ; Hp . D . (g^) . /* e NO induct . Nc'OP = (Nc‘D‘V‘P x, N,) +« ft. 


( 1 ) 
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I- . *123*43 . *117*62 . D h : Hp . eNC induct , D . /* < Nc‘D‘V‘P Xj No • 
[*117*561] D . (Nc‘D‘V‘P Xo No)+c/* < (Nc‘D‘ V‘P Xo N.) +o (Nc‘D‘V‘P x. No) 
[*123*421.*113*43] < Nc‘D‘ V‘P x, N, (2) 

h . (1) . (2) . *117*6*25 . D h : Hp . 3 . Nc‘C'‘P = Nc‘D‘V‘P Xo No ; 3 h . Prop 

*264*463. h : P e ft infin - a. . E!P‘P. V‘P~6 2,. 3. Nc‘0‘P = Nc‘D‘V‘P x.N* 
Dem. 

As in *264*452, 

h . *264*423 . 3 1- ; Hp . P‘P e 0‘ V‘P . 3 . Nc‘C‘P = Nc‘D‘V‘P Xo N„ (1) 
h.(l). *264*452. 3 h. Prop 

*264*46. h : P e ft infin - « . 3 . Nc'C^P = Nc‘(7‘V‘P x„ N„ 

Dem. 

h . *123*421 . *264*45 . 3 1- : Hp . V‘P e 2, . 3 . Nc‘0‘P = Nc‘C‘ V‘P x. N, (1) 
I-. *264*453. 3 

h : Hp . E ! P‘P . V‘P ~ e 2, . Nc‘C‘ V‘P = ;* +„ 1 . 3 . Nc‘C‘P = /* x, N* 
[*123*421.*113*43] = (/t x. No) +o (ft x. N.) (2) 

h. *117*571*6. 3 

h : Hp . 3 . M X, No < (/i + 0 1) Xo N, . Ot +0 l)2(c ^*0 < (m Xc *<») +c 0* Xc *<») (3) 
I- . (2) . (3) . 3 1- ; Hp . 3 . Nc‘6«P = (^ +„ 1) Xo N, 

[Hp] =Nc‘Cf‘V‘PxoNo (4) 

h . (1) . (4) . *264*451 .31-. Prop 

*264*47. h;Pcftinfin.3.(aM)./t«NC-t‘0.Nc‘(7‘P = /t*XoNo [*264*46] 
*264*48. I- J a 6 C“ft - Cls induct . 3 . Nc‘o e D‘( x. No) [*264*47] 



• *266. THE SERIES OF ALEPHS. 


Summary of *265. 

In the present number, we shall confine ourselves to the most elementary 
properties of the ordinals and cardinals considered. The most importa,nt 
propositions to be proved are the existence-theorems. These all depend 
upon the axiom of infinity; moreover, as the numbers concerned grow 
greater, the existence-theorems require continually higher types. 

In virtue of the definition in *262, (No)r is the class of well-ordered series 
whose fields have No terms. This is not an ordinal number, but the logical 
sum of a certain class of ordinal numbers, namely of Nr^^(No)r* 

is the smallest ordinal whose field has more than No terms. We do 
not, however, take this as the definition of : we define ft)j as the class of 
relations P such that the relations less than P (in the sense of *254) are 
those well-ordered series which are finite or have No terms in their fields, i.e, 

cDi = P {less^P = (No)r ^ n fin} Df. 

By *254*401 it follows immediately that if PecDi, P is a well-ordered 
series and (Wj is its ordinal number (*265*11). Hence o), is an ordinal number 
(*265*12), though we need the axiom of infinity to show that exists. 

Assuming the axiom of infinity, the existence-theorem for is derived 
from the series of ordinals which are finite or belong to series of No terms 
For notational convenience, we temporarily define this series as N\ thus 
N = {<)1 {NO fin u Nr‘‘(No)4 Dft [*265]. 

It is also convenient temporarily to write M for “ <• ** : thus 

if=< Dft [*265]. 

It is easy to prove that if No exists, N is an Wj (*265*25). Hence we 
obtain the existence-theorem for (Oi in either of the forms: 

*266*27. h : a ! No n . D . a ! (o^ rs 
*266 28. h : Infin ax (a?) . D . a 5 c»>i ^ 

It is easy to prove that <Oi is greater than the ordinal number of any 
series of No terms (*265*3), and that if wi exists, 

= NO fin u Nr^‘(«o)r (*265*35), 

^,e. the ordinals less thar a)j are those that apply to series of N© terms or of 
a finite number of terms. 


12 
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We define as C^wi, t.6. as the class of those classes which can be 
arranged in a series whose ordinal number is ©i. It follows from 9|tl 52*71 
that Ni so defined is a cardinal number (*265*33), and that if Hq exists, 

> No (*265*34). 

In a precisely analogous fashion we can put 

0,2 = P {l^s^P = (Ko)r n fin] Df, 

Df. 

Theorems similar to those mentioned above can be proved for 0,2 and Ka 
by similar methods. We can proceed to (o^ and where v is any ordinal 
number.’ But our methods of proving existence-theorems fail if v is not 
finite, since at each stage the existence-theorem is proved in a higher type 
and we know of no meaning that can be assigned to types whose order 
is not finite. 

It is easy to prove that the sum of two ordinals which are less than g)i is 
less than 6>i. Much of the accepted theory of (No)r and Wi depends upon the 
proposition that the limit of any progression of ordinals less than cdi is less 
than 0 , 1 , so that in the series Ny every progression has a limit within the series. 
This proposition — or at any rate the current proof of it — depends upon the 
multiplicative axiom. The proof, in outline, is as follows : 

It is easy to prove that an ordinal which has No predecessors must be 
a member of Nr^^(No)r, i e. must be, in Cantor's language, an ordinal of the 
second class. Now consider any progression P contained in iV", i.e. consider 
a series Oj, a„,... of increasing ordinals of the second class. The interval 
between any two consecutive terms of this series is either finite or has N© 
terms. Hence i.e. the class of ordinals preceding the limit of our 

series, is the sum of No classes each of which is finite or has No terms. It is 
then argued that, because No XoNo = No, the whole class must consist 

of No terms. This conclusion, however, except in special cases, requires the 
multiplicative axiom, since it depends upon *113*32, i,e, 

h Mult ax . D : ft, 1 / € NC . /r e 1 / n Cl excHft , s^/c e fi x^p. 

It follows that, unless for those who regard the multiplicative axiom as 
certain, it cannot be regarded as proved that coi is not the limit of a pro- 
gression of smaller ordinals. With this, much of the recognized theory of 
ordinals of the second class becomes doubtful. For example. Cantor pro- 
ceeds to define a host of ordinals of the second class as the limits of given 
series of such ordinals. It is probable that, in regard to all the ordinals which 
he has defined in this way, a proof that they belong to the second class can 
be found, by actually arranging the finite integers in a series of the specified 
type. But the mere fact that they are limits of progressions of numbers of 
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the second class does not, of itself, suffice to prove that they are of the second 
class. 

As another example we may mention the very interesting work of 
Hausdorff*, much of which is based upon the proposition that a term which 
is the limit of an coi chosen out of a given series cannot be the limit of an 
ft) chosen out of the same series. This proposition is a consequence of the 
proposition that ft)i is not the limit of a progression of smaller .ordinals, and 
must therefore be regarded as doubtful. Hausdorff constructs by means of 
it many remarkable series, for example, compact series in which no pro- 
gression or regression has a limit. The existence of such series appears, 
however, to be open to question, unless the multiplicative axiom is assumed. 

It is not improbable that a proof, independent of the multiplicative axiom, 
can be found for the proposition that &), is not the limit of a progression ; but 
until such a proof is forthcoming, the proposition cannot be regarded as 


certain. 



« 26501 . 

6)1 = P {less‘P = (Ko)r w n finj 

Df 

« 26502 . 

N, = C“a>, 

Df 

* 26503 . 

0 )j = i’ {leS.s‘P = (Ni)r ft finj 

Df 

* 26604 . 

K = C“(o, 

Df 

etc. 



* 26605 . 

M=< 

Dft [*265] 


This definition is revived from ^256. 


9|^266-06. = Af p{NO fin u Nr^^(NoV} Pft [^265] 

The existence-theorem for (Oi is derived from N, since, if No exists, N €(Oi. 
9 |e 265 *l. h P € ft)i . = : Q less P . =q . Q e H . C‘Q c Cls induct u N„ 

[(*26501)] 

*265*11. h : P e ft)i . 3 . ft)i = Nr^P . P e fl 
Dem. 

h . *265*1 • D h : Hp . 3 - A less P . 

[*254T] 3. Pen (1) 

h • *254*401 . (1) . (*265*01) .31": Hp . Q e ft>i . 3 . Q smor P (2) 

h - *254*401 . (1) . (*265*01) . 3 h : Hp . Qsmor P . 3 . less^Q = (No)r n fin . 
[(*265*01)] 3.geft), (3) 

h.(l).(2).(3).3h.Prop 

* Untersuchungen ilher Ordnungstypen. Beriohte der mathematiscb-physischen Klasse der 
Kdniglioh Saohsisohen Gesellschaft der Wissensohaften zu Leipzig, Feb. 1906 and Feb. 1907. 
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*26612. l-.a),6N0 [*26511. *256-64] 

*266-13. h : a e NO infin .^.M^M^aea 

Dem. 


I- . *256-202 . D h : P e fi infin . D . Nr'Jlf t {M‘'iir‘P) = Nr‘(P I Q'P) 
[*262-112] =Nr‘P (1) 

h . ^^l) I *262-11 . D h . Prop 


*266-2. h . a‘N= NO fin - 1‘0, v» Nr“(No)r = A’^‘0, [*255-51] 

*266-21. h : a ! No . o 6 NO fin o Nr“(No)r • 3 • 

M ^ M‘a less N . aM (Nr‘iV) . a C less‘i\^- 

Dem. 

I- . *25.3-1.3 . *265-2 . D I- : Hp . a e NO fin u Nr“(No)r .'^.MlM'ae WN, . 
[*254182] D.JI/tii/'alessiV (1) 


h.(l). *265-1.3. DI-:Hp.afNr“(N„),.3.aiW(Nr‘iV) (2) 

h . (2) . *263-31-101 . D h : Hp . ae NO fin . D . aMa , . toM(^v‘N) . 

[*256-1] D . oJlf (Nr'iV) (3) 

h.(2).(.3). ■)h:Hp.aeNOfinwNr“(No)r-3-a-fl^(Nr‘N). (4) 

[*2.5.5-17] D.aCl^s'N (.5) 

|-.(l).(4).(.5).DI-.Prop 


*266-22. l-;alNo.D.fifinw(N„),Cles8‘iV [*265-21] 

*26523. I- : PeD'Ns . D . (a®) .asNO finuNr“(NoX.P=ill ^M‘a.Nr‘P = a . 
[*265-2 . *253-13 . *26513 . *262 7 . *120 429] 


*266-24. l-:PeD‘i\r,.D.Penfinu(N„), [*26523] 

*266-26. h:’3_lH,.D.N€o>, 

Dem. 

h . *254-41-12 . D h : P less AT . D . (aQ) . Q e D'N, . P smor Q . 
[*265-24.*261-18.*151-18] D . P e ft fin u (N„), (1) 

h . (1) . *265-22 . D h : Hp . D . l^s‘A^= ft fin w (N„), . 

[*265-1] D . A7 e a)j : D I- . Prop 

*266-26. h : a e No . D . N„r ;(less I C“Cl‘a) e . Nor ;(less p 0“Cl‘o) = N 
Dem. 

h. *254-431 .*150-37.3 

h . Nor;(less p C“Cl‘a) = (NorMess) I Nor“(ft a 0“Cl‘a) 
h . *123-16 . 3 h : a e No . D . N,r“(ft a C“C\‘a) C NO fin w Nor“(N,), 


( 1 ) 

( 2 ) 
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I- . #123'14 . «262‘18‘21 . 3 h : a 6 Ko . e NC induct — i‘l • 3 . g ! /tt, n C'“Cl‘a ; 
[4(262'25] 3 h : a e Ko • v e NO fin . 3 . g ! k rt C“Cl‘a . 

[*152-45] 3 . »» € Nor“0“Cl‘o (3) 

h . *152-7 . 3 I- : Pe(N„), . ae K,. 3 . 0€C“N,r‘P . 

[*60-34] 3.Nr‘P6N,r“C“Cl‘a (4) 

h . (3) . (4) . 3 h : o e N, . 3 . NO fin w Nr“(^^,), C Nor“(G“Cl‘a n 11) (5) 

h . (2) , (5) . 3 h : o € N, . 3 . NO fin o N^“(^t,)^ = Nor“(C“CI‘o n ft) (6) 

h . (1 ) . (6) . (*255-01 . *265-05-06) . 3 h : a e K. . 3 . N,r ^less 1 5“Cl‘a) = N . 


[*265*25] 




3 . Nor»(les8 ^ i7“Cl‘a) e ®, : 3 1- 

- Prop 

*26627. 

1- : g ! No A Pa . 3 

■ a 

! <Oi 

A P“l,o‘« 


Dem, 







h . *64-55 .31-: 


t‘a. 

C‘PC/3.3.P6loo‘a 

(1) 


h.(l). 3I-: 


t^a. 

3.C“CP/9C<oo‘a. 



[*155-12.*63 5] 



3.Nor“C“Cl‘/3CP<oo‘«. 



[*64-57] 



3 . N„r»(less ^ C/“C1‘/S) e P“<oo‘a 

(2) 


h. (2). *265-26 

.3 

1" . Prop 



*265-28. h : Infin ax (a;) . 3 > g ! wi a 
Dem. 

h.*123-37.3l-:Hp.3.g!N,Am^. 

[*265-27] 3 . g ! a>] A . 

[*64-312] 3 . g ! ft>i A : 3 h . Prop 

Propositions concerning Nj and Wa, and generally tt, and a,, where v is 
an inductive cardinal, are proved precisely as the above propositions are 
proved. There is not, however, so far as we know, any proof of the existence 
of Alephs and Omegas with infinite suffixes, owing to the fact that the type 
increases with each successive existence-theorem, and that infinite types 
appear to be meaningless. 

*265-3. brae Nr“(No)r • 3 . a < [*265-22-25] 

*265-31. l-:g!N„.3.Na^N, 

Dem. 

1-. *265-25. 3h:Hp.3.(7‘i\feN, (1) 

I-. *265-2 . 3f-.NOfin-t‘0,CC7‘iyf (2) 

h . *262-19-21 . *123 27 . 3 1- : Hp . 3 . NO fin - 1‘0, e N„ (3) 
l-.(2).(3). 31-;Hp.3.Nc‘(7‘P^^No (4) 

h . (1) . (4) . 3 I- . Prop 
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*26632. l-;a!^^o.^■«. + «.•«oA^il = A 

Dem. 

h . *263*3 . D h ; P c flt . G*P e K# . D . P ~ e <»i . 

[(*265*02)] D.(7‘P~€N, (1) 

*262*18 . (*265*02) .Dh.K,AN, = A.Dh. Prop 

*266*33. h . N, € NC [*152*71 . *265*12] 

*266*34. h : a ! N, . D . N. > «. [*265*31 *32*33 . *265*74] 

*266*36. I- ; a ! «i . 3 . = NO fin w Nr“(N,), 

Dem. 

f- . *265*3 . *263*31 . D H : Hp . D . NO fiu w Nr“(No), C M‘a>j (1) 

f . *265*1 1 . D h ; P e Wi . Nr‘Q e M‘a>i . 3 . Q less P . 

[*265*1] D.Nr‘Q€NOfinuNr“(K,), (2) 

h . ( 1 ) . (2) . D 1- . Prop 

*266 361. h : P e 6 ) 1 . = . a ! «i • Nr“D‘P, = NO fin u Nr“(N«), 

Dem. 

I-. *256*11 .*265*35.3 

h : a ! . Nr“D‘Ps = NO fin u Nr“(t{„), . - . a ! «> • ‘Nr‘P = ]p 6 >, . 

[*256*1 .*204*34] = . Peo), : 3 1- . Prop 

*266 362. h ; P 6 6 ), . 3 . Nr“D‘Ps = ll‘ 6 », [*265*35*351] 

*266*36. 1- : a, /8 e Nr“(N,), . 3 . o + /3 6 Nr“(N,)r 
Pern. 

h . *180 7 1 . 3 h ; Hp . 3 . 0“(a + /3) = C“o +„ 

[*262*12] =N,+oNo 

[*123*421] =No. 

[*262*12] 3 . a + /3 e Nr“(N,)r : ^ 1* ■ Prop 

*266*361. K . a,y 8 € NO fin w Nr“(Ko)r . 3 . o + )8 e NO fin w Nr“(tto)r 
[Proof as in *265*36, using *120*45 and *123*41] 

*266*4. I** : P e 6 ), . a C (7‘P . e Cls induct w K, . 3 . a 1 p‘P“a 

Dem. 

t- . *265*1 . 3 h : Hp . 3 . (P D P»“a) less P . 

[*254*51] 3.P#“a+0‘P. 

[*202*504] 3 . a ! • Prop 

*266*401. 1- : P e 6 )i . a C C/‘P . P“a e Cls induct w N, , 3 . a 1 p‘P“« 

Dem. 

h . *205*131 .31-; Hp . 3 . P#'*® = P“« w maxp'a . 
[*205*3.*120*251.*123*4] 3 . P#“ae Cls induct w Ko . 

[*265*4] D . a * p‘P“a ; 3 1- . Prop 
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*266-41. h : P e o), . D . P“C?‘P C N, u Cls induct . P#“0‘P C N„ u Cls induct 
Dem. 

h . *254-182 . D h Hp . D ; a: e C‘P . D . (P C P'a^) less P . 

[*265-1] 3 . P‘a; e Ko w Cls induct (1) 

h . (1) . *120-251 .*123-4 . 3 . 3 :a;eC‘P . 3 . Pjjj‘a!eK„w Cls induct (2) 

I- . (1) . (2) . 3 1- . Prop 

*266-42. H:Pea)i.3.a‘PCD‘P 
Dem. 

h . *265-4 41 . 3 1- : Hp . a: e C'P .3.3! p‘P“t‘a: , 

[*53-01-31] 3.ar6D‘P:3H. Prop 

*265-43. H : P 6 01, . a; € C‘P . 3 . P ^ Pjn*^" r a> . E ! ltp‘Pf„‘a: 

Dem. 

V . *264-2 . *265 42 . 3 h : Hp . 3 . ~ E ! maxp‘P,n‘a: . 

[*264-22] 3.P^K‘^e“> 

h . (2) . *265-41 . *123-421 . 3 h : Hp . 3 . P“P',„‘x e K, . 

[*265-401] 3 . a ! jj‘P“Kn‘a; . 

[(1).*250-123] 3 . E ! It/K'a; 

h.(2).(3).3l-.Prop 


( 1 ) 

( 2 ) 


( 3 ) 


*266 431. I- : P € o). . Q C P . a; e C‘Q . Q‘a; C P,„‘^r .3.3! p^P“C‘Q 
Dem. 

V . *265-43 . 3 H : Hp . 3 . 0‘Q C P‘ltp‘i^„‘a; : 3 I- . Prop 

*265'44. 1- : P e w, . a; € C‘P . 3 . P ^ P*‘® e 
Dem. 

l-.*253-13.31-:Hp.3.D‘(P^P*‘a:), = P{(ay).a;P*y.P = PCP(a;h-»/){ (1) 
I- . *254-101 . 3 I- : Hp . a;P*y . 3 . Nr‘P tP(a!^-y)^ Nr‘P lP‘y . 

[*265-352] 3 . Nr‘P ^ -P (« •- y) e M‘co, (2) 

1- . *265-352 . 3 h : Hp . 3 . Nr‘P ^ P‘a: € (3) 

h. (3). *265-361-35. 3 
I- : Hp .aeM‘(»i . 3 . Nr‘P ^ P‘a!-i-a « Jlf'w, . 

[*265-351] 3 . (ay) . Nr‘P ^ P‘a!-j- o = Nr‘P ^ P‘y . 

[#253-47-11] 3 . (ay) . ajP*y . Nr'Pi; P‘a:+a = Nr‘P t P‘y . 
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[*20445] D . (ay) . xP^^y . Nr‘P ^ P‘« + a = Nr‘P ^ P^x + Nr‘P IP {x^y). 
[*255-564] D . (ay) . xP^y . Nr‘P t (a? i- y) . 

[(1)] D.a6Nr«D‘(PDP*‘a^). ^ (4) 

h . (2) . (4) . D h ; Hp . D . Nr“D‘(P dX‘«)s = . 

[*265-35-351] D . P ^ P*‘a: e a>. : D h . Prop 

*266441. l-;PeSer.Q,Pea)nRl‘P.PGQ.D. 

P“C‘B = P«0‘0 . Q“C‘R = C‘Q 

Bern. 

y . *263-27 . Transp . D t- ; Hp . D . ~ E ! m&XQ‘C‘R , 

[*205-123] O.C‘RCQ‘‘G‘R. (1) 

[*37-2] ^.P“C‘RCP*‘Q‘‘C‘R 

[*37-15-2] CP‘‘G‘Q (2) 

h . *263 47 . Tran.<ip . D h : Hp . D . p‘Q‘‘G‘R = A . 

[(l).*20-2-51] :>.G‘Q = Q“G‘R. (3) 

[*201-5.Hp] D . P“G‘Q C P“G‘R . 

[(2)] D.P*‘G‘R = P“G‘Q (4) 

h. (3). (4). >1-. Prop 

*26645. I- :.Peo>,.Q<lP:xeG*Q.O^.'alQ‘x-%^‘xiQeto. 

S = $§{xeG‘Q.y = minQ‘(Va: -K‘a;)l -R^-S : D . 

R^e CO. R^QQ. P“G‘R^ = P“G‘Q 


( 1 ) 

( 2 ) 


(3) 

(4) 


Bern. 

I-. *32-181. Dh:Hp.D.SeQ. 

[*91-59.*201-18] D.PpoGQ 

h. *263-11. Dh:. Hp . D ;«e (7‘Q . D* . E ! S'ic: 

[*71-571] D:S«Cl8->l.a‘QCD‘S: 

[(!)] D:SeCls-*l.a‘-SCD‘/S; 

[*1 22-51 .*96-2 1 ] 3 : P € Prog : 

[*263-1] D ; Ppo e ® 

h . (2) . (3) . *265-441 . D h : Hp . 3 . P“C‘P = P“a‘Q 
h.(2).(3).(4).31-.Prop 

*266 461. h :. Hp *265-45 . 3 : a; e O'P . 3 . P (a; h- R^‘x) e K, 

Bern. 

y . *265-45 . *263-14 . 3 1- :. Hp . 3 ; a: e 0‘P . 3 . ^‘a! = S‘a: . 

[Hp] 3.P,‘a!eP‘a;-K‘a;. 

[*260-131] 3.P(a:i— Pi‘a;)~eCl8indnct (1) 

y . *265-41 . 3 Hp . 3 : ar e G‘R .0 .P(xt- Ri‘x) e Ko w Cls induct (2) 
h.(l).(2).3H.Prop 
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«266’452. h : Hp »265'45 . g ! P (a; i— R^‘x) f\P(yi— R^y) .x^y 
Dem. 

h . ♦201'18 . 3 h Hp . 3 : xP {Ri‘y ) . yP(Ri‘x) : 


D : a;, y 6 C‘R . xP {Ri‘y ) . yP (Pi ‘a;) : 

3 : a;Ppo (P,‘y) . yPpo (Ri‘x ) : 

3ia5 — y«v» xR^y z y ~ x m v • yRp^x : 

3 : a:= y . V . xRj„y . yPpo® = 

3 : a: = y 3 h . Prop 

«266'463. I- : Hp «265'45 . /e = a {(ga:) . a: e G‘R . a = P (a; i— Pi ‘a;)) . 3 . 

AS e A Cl excPKo - = P“0‘P a P^^C^R [*266-461-452] 


[#14-21] 

[#204-41 .#265-45] 
[#204-71] 

[#4-41] 

[#204-13.#265-45] 


#266-464. H Hp #265-453 : as e Mo a Cl excl'Mo . 3, . 8‘k e Mg : 3 . 

P“C‘R A %“G‘R e Mo [#265 453] 

#266-46: hs.Pewi.QewA R1‘P : x e G‘Q . 3^ . g ! Q‘x — Pf^x : 

AS 6 Mo A Cl excPMo . 3. . «‘as e Mo : 3 . P“G‘Q e Mo 
[#265-41-454. #123-421] 

#266-461. 1- : Hp #265 46 . 3 . g ! p^“G‘Q [#265-46 401] 

#266-47. l*:.Pe«i>i.Q€®A R1‘P : as e Mo a Cl excPMo . 3, . s‘as e Mo : 3 . 

g ! p‘^"G‘Q [#265-461-431] 

#266-48. h :. AseMo A Cl excl‘M„ . 3« . s‘« eM„ : 3 : Pc ®, . Qe w a R1‘P. 3 iE ! ltj.‘6’‘Q 
[#265-47 . #250-123] 

#266-481. 1- : Mult ax . 3 . Hp #265 48 [#113-32 . #123 52] 

#266-49. 1- :. Mult ax . 3 : P c ®, . Q c ® a R1‘P . 3 . E ! hp‘G‘Q [#265-48 481] 
This proposition shows that, assuming the multiplicative axiom, any 
progression of ordinals of the second class {i.e. consisting of series having Mo 
terms) has a limit in the second class, because N e Wj. 


#266-6. H ; P € ®i . Q e w . G‘Q C G‘P . ~ E ! maxp‘(7‘Q . 


Dem. 

V . #205-11 . 
[#201-18] 
h. #206-197. 


P = ^ [a: e G*Q . y = min^‘(P‘a? a Q‘a;)} . S = P [ R^*B‘Q . 3 . 
Ppo e « . Ppo C i" • P"C*S^ = P“(7‘Q 

3h;Hp.3.PeP.PC<2. (1) 

3.PpoGP.PpoG<2 (2) 

3 h : Hp . X e G‘Q . C Pet‘x . 3 . a; = m&xp‘Q^‘x (3) 


h . #263-412 . *261-26 . 3 h ; Hp . a; c C'Q . 3 . E ! maxp‘Q‘a: 


(4) 


RAW. III. 
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H . (3) . (4) . *206193 . D h : Hp . « e OQ . C P*‘a; . D . E 1 max/C^'Q (6) 
I- . (6) . Transp . 3 I- Hp . 3 :xeC‘Q . 3 . 3 ! Q^‘x — P^‘x . 

[*91-542.*202103] 3 . g \Q*x a P'a; . 

[#250121] 3.E!P‘a: (6) 

h.(l). (6). #122-51. 3l-:Hp.3./Sf€Prog. 

[#263-1] 3.-Spo€® (7) 

I- . (2) . (7) . #265-441 . 3 h : Hp . 3 . P“C*S^ = P“C‘Q (8) 

h.(2).(7).(8).3l-.Prop 


#266-51. V : Hp #265 48 . P e a, . a e K, n C1‘C7‘P . ~ E ! maxp'a . 3 . E ! ltp‘« 
Dem. 

h.#265-5.3h;Hp.3.(aS).56a)ARl‘P.P“C‘/S=a (1) 

h. (1). #265-48. 3 h. Prop 


The following propositions follow easily, 

#265-62. h :.Hp #265-48. Pco),. 3: 

a A C*P € No w Cls induct . = . giO'P np‘P*‘(a a C‘P) [#265-51-41] 

#265-63. H :: Hp #265 48 .3:.P€a>,. = : 

P € fl ; o A C*P € No w Cls induct . =. . g ! (7‘P a p‘P“(o a C‘P) 

#266-64 h:Pe®x.3.a‘V‘PC V‘C“(a>ARl‘P) [*265-6] 

I.e. every limit-point in an ui is the limit of a progression, which is what 
(following Hausdorff) may be conveniently called an w-limit. 


#266-66. h:P6®,.3.a‘V‘P = ltp«(7“(wARl‘P) [#26654 . #216602] 

This proposition does not, like #265-48, assert that every progression in 
P has a limit, and therefore it does not require the hypothesis of #265-48. 



SECTION F. 

COMPACT SERIES, RATIONAL SERIES, AND CONTINUOUS SERIES. 

Summary of Section F. 

A compact series is one in which there is a term between any two, 
%,e, in which P G P*, where P is the generating relation. We may call 
any relation P compact when ‘PGP®; then a transitive compact relation 
will be one for which P = P®. Hence a serial relation P is compact when- 
ever P = P®. Compact series in general have certain properties, some of 
which have been already proved ; but the majority of the interesting pro- 
positions in this subject come from adding some other condition besides 
compactness. Thus series having Dedekindian continuity ^ which have many 
important properties, are such as are compact and Dedekindian. Rational 
series (i,e, such as are ordinally similar to the series of all rational numbers, 
positive and negative, or, what is equivalent, to the series of rational proper 
fractions) are defined as such as are compact, without beginning or end, and 
consisting of No terms. Such series, also, have many important properties. 
A continuous series (in Cantor’s sense) is a Dedekindian series containing 
a rational series in such a way that there are terms of the rational series 
between any two terms of the given series. This species of compact series 
also has many important properties. It consists of all series ordinally similar 
to the series of real numbers including 0 and oo . 



*270. COMPACT SERIES. 


Summary of *270. 

The propositions of the present number are mostly either obvious or 
repetitions of previously proved propositions. The latter are repeated here 
for convenience of reference. 

We put comp = P (P G P*) Df, 

so that the class of compact series is Ser n comp. We have 

A — ■—> 

»270'll. I- P « comp . = ; xPy . . g ! P*x n P‘y 

«27034. h : P € trans a comp . D . 9^P = sgm'P 

The proposition s^Piie^sgin^P^, which was proved in *212, is a particular 
case of the above. 

*270*41. K ; P € Ser a comp . D . Nr‘P C Ser a comp 

I^, a series which is similar to a compact series is a compact series. 

*270*66. h : P € Ser . Q e fi • E ! B^P . E ! B^Q . D . P^ € Ser a comp 

This proposition gives us a means of manufacturing compact series of 
various types, such as 6>exp,.a), a>expra>i, etc. 


«270-01. comp = ^(PCP‘) Df 

Here “ comp ” is an abbreviation for “ compact.” “ Compact ” series are 
the same as the series which Cantor calls “ Uberall dicht.” 

«2701. I- : P 6 comp . = . P G P’ [(♦270-01)] 

*270*11 l-:.Pecomp.= :a!Py.Dj,,„.a!P‘a:A^‘y [*270-1] 

*270-12. h ; P e comp . = . P e comp [*270*11] 

*270*13. I- : Pe trans n comp. = .P = P* [*270*1 . *201*1] 

*270*14. f- : Pe Ser f\ comp . = ,Pe P-VJ a connex . P=P* . = , Pe Ser . P«« P* 
[*270-13] 

*270*15 h zPeSer A comp . = . PeSer .P,=: A [*20165 . *270*14] 
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h : P e comp . D . ~ g ! m&Xp‘P‘x 


[j(t205-25 . #2701] 


#270'201. h : P e comp . D . ~ g ! min/>‘Q!‘P . ~ g ! maxp'D'P 
Dem. 

h . #37-26 . D h . mmp‘a‘P = P“D‘P - (P>)‘f D‘P 
h . (1) . #270-1 . D I- : Hp . D . mrnp'Q'P = A 
Similarly h : Hp . D . maxp‘D‘P = A 

t- . (2) . (3) . D h . Prop 



#270-202. 1- ; P e comp . D . ~ g ! minp‘P“a . ~ g 1 maxp‘P“a 
[Proof as in #270-201] 


( 1 ) 

( 2 ) 

( 3 ) 


#270-203. h : Pecomp . D . ~g ! seqpVa; [#20G-42 . #270-1] 

#270-204. h : P e Ser n comp . E I seqp‘a . 3 . ~ E ! maxp‘o 
[#206-451 . #270-15] 


#270-206, h : P e Ser n comp . 3 . Itp = seqp [#207-1 . #270 204] 

#270-21. f-;P€Rl‘jAcomp.ir6(7‘P.3.a:ltp(P‘a;) [*207 31 . #2701] 

#270-211. 1- : P 6 RPP A comp . 3 . D‘ltp = C‘P [#270 21] 

Thus if a relation is compact and contained in diversity, every membei 
of its field is a limit-point. 

#270212. l-:P € connex . DMtp = C^P . D . P e comp 
Dem. 

h . *207*34 . D h : Hp . D . O^P C - a‘(P ^ P*) . 

[*33*251] D . a^(P.^ P*) = A . 

[*270*1] D . P 6 comp : D h . Prop 

*270*22. h Pe RP/ n connex . D rPe comp. = . D^tp = (7^P. = . Q^P C D^ltj 
[*270*211 212 . *207*18] 

*270*23. h : Pecomp — t^A . D . P«^ € Bord 
Dem. 

— * 

l- . #270-201 . 3 h : Hp . 3 . (ga) . o C (7‘P . g I « . ~ g ! minp'a . 
[#250101] 3 . P ~ e Bord ; 3 I- . Prop 

#270-24. h : P € Ser a comp — t‘A . 3 . (7‘P ~ e Cls induct 
Dem. 

V . #270-23 ,3l-:Hp.3.P~€n. 

[#261-31] 3 . (7‘P ~ e Cls induct : 3 h . Prop 

#270*3. I- : P e Ser a comp . 3 . sect'P — D'P. = P^“C‘P 
[#211-361. #270-1 5] 
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*270-31. h:P€tran8«comp.D.D‘P. = D‘(PeA/) [*211-61 .*270 14] 

*270-32. h:Petransrtcomp.D.P^a:6D‘(Pen/) [*211-452 . *270-1] 

*270-321. h : P“C‘P C D‘(P, n 7) . D . P e comp [*211-461 . *270-1] 

*270-322. h :. P e trans . D : P“0‘P C D‘(Pe A J) . = . P c comp 
[*270-32-321] 

*270-33. h :. P e Ser . 3 : P e comp . = . Q*maxp a Q'seqp = A 
[*211-561. *270-14] 

*270-34. l-:PewansAcomp.D.«‘P = sgm‘P [*270 31 . (*21201 02)] 

*270-36. h :. P 6 trans a connex a comp . D : P e Ded . = . (1‘maxp ■= — Q'seqp 
[*214-4. *270-13] 

*270-361. h :. P e Ser . 3 : P e comp a Ded . = . Q'maxp = — Q'seqp 
[*214-41 .#270-14] 

A series which is compact and Dedekindian is one which has Dedekindian 
continuity. Thus the above proposition states that a series which has Dede- 
kindian continuity is a series such that every class has either a maximum or 
a sequent, but not both. 

*270*362. h ! Pe Ser a comp a Ded . « e sect'P. 3 . limaxp'o = liminp‘(C’‘P — a) 
[*214-42] 

*270-36. h : P e R1‘P A comp . 3 . Sp‘C‘P = G'P . V‘P = P 
[*216-2 . *270-211 . (*216-06)] 

*270'4 h ! P c comp . 3 . Nr‘P C comp 
Dem. 

h. *201-2. 3h:SeP8mof Q.3.(S;e)> = W.P = -Sf5Q (1) 

h . (1) . *270*1 . 3 h : P e comp .SeP smor Q . 3 . 8>Q G 8*Q * . 

[*160-31] 3.s;s;qgs;s;q*. 

[*151-262] 3 . Q G Q» : 3 1- . Prop 

*270*401. h : P e comp . = . Nor'P C comp [*270*4 . *156*12] 

*270*41. I- rPeSer A comp . 3. Nr'PCSer A comp [*270*4 . *204*22] 
*270*411. I- : P e Ser A comp . = . Njt'P C Ser A comp [*270*41 . *166*12] 

*270*42. I- : P e comp . 3 . P ^ P**^. P D -P*** ® comp 
Dem, 

b . *270*11 .3b; Hp .y,ze P*'® . yPz . 3 . (gw) . yPw . xoPz . 

[*90*16] 3 . (gw) . w e P#‘ar . yPw . wPz (1) 

b . (1) . *270*11 .3b; Hp . 3 . P ^ P**® « comp (2) 

Similarly b ; Hp . 3 . P ^ P#*ar e comp (3) 
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»270'5. h ; P, Q e Ser n comp . C‘P a C‘Q = A . ~ (E ! B‘P . E I B‘Q) . D . 

P4^Q e Ser a comp 

Dem. 

h . *160-51 . D f- : Hp . D . {P^Qf = P> c; w D‘P t G*Qk/C*P X Q'Q 
[*93103.Hp] = P« o Q‘ w (7‘P t C‘Q (1) 

h . (1) . *270-1 . D I- : Hp . D . P4.Q C (P^-Q)* (2) 

I- . (2) . *204!-5 . D h . Prop 

*270-51. h : P € Ser a comp . C‘P C Ser a comp . P e ReP excl . D . 

2‘P e Ser a comp 


Dem. 

h. *204-52.3 I- ;Hp.D.S‘Pe Ser (1) 

I- . *162-1 . 3 

t- . (2‘P)' = (PC‘Py vt (F>py o (PC‘P) I (p;p) o (p;p) | (8‘C‘P) (2) 

h .*2701 .31-: Rp.x(s‘G‘P)y. 3 . (gQ) .QeG‘P. . 

[*41-13] ^.x{PG‘Pyy (3) 

h . *2701 . 3 h : Hp . a; (PJP) y . 3 . a; (PJP*) y . 

[*16312.*201-2] :>.x{F'>Pfy (4) 

h . (2) . (3) . (4) . *1621 . 3 h : Hp . 3 . S‘P C (S‘P)‘ (5) 

h . (1) . (5) . 3 h . Prop 


The hypothesis of *270-51 is in excess of what is- required for the 
conclusion, which only requires, in place of Pecomp, that there should be 
no two consecutive relations in G‘P of which the first has a last term while 
the second has a first term. This is proved in the following proposition. 


*270*52. h : P e Ser a ReP excl . G‘P C Ser a comp . 

B“Pi*‘(G*P A Cnv“Q[‘P) = A . 3 . 2‘P e Ser a comp 

Dem. 

h . *2701 . *163-12 . 3 h : Hp . 3 . i‘(7‘P G (s‘C‘P)’ (1) 

1- . *201-63 . 3 h : Hp . 3 . PJP = PJP. o PJP* (2) 

h . *93-103 . 3 h :. Hp . QP,R . 3 : D‘Q = G‘Q.v. a‘R = G‘R (3) 

h.(3).3l-:.Hp.a;(P;P,)y.3: 

(aQ, P) : a; e D‘Q . y e G‘R .y .xe G‘Q . y e Q[‘P ; QPiR : 
[*33-13-131-17] 

3 : (aQ, R, z ) : xQz . z e G‘Q . y e G‘R .v .xe G‘Q . z e G‘R . zRy : QPiR : 
[*160-52.*201-63] 3 : x {{PG‘P) \ (PJP)} y.y.x {(PJP) | (s‘(7‘P)} y : 


[*162-1] 3:a!(S‘P)*y (4) 

h . *163-12 .*201-2 . 3 h : Hp . 3 . P»P» = (PJP)* (6) 

I- . (2) . (6) . *162-1 . 3 h : Hp . 3 . P;P G (2‘P)* (6) 

h .(1). (6) .*162-1 . 3 h : Hp . 3 . 2‘Pe (2‘P)* (7) 

I-. (4). (7). *204-52.31-. Prop 



184 


SERIES 


[PART V 


*270'521. H P « Ser n Rel“ excl . G‘P C Ser n comp : 

C‘P Cnv“a‘P = A . V . 0‘P A a‘P = A ; D . 2‘P 6 Ser n comp [*270-62] 

*270-53. h ; P e Ser . Qe Ser a comp .~(ElP‘Q.E!5‘Q).D.PxQ6 Ser a comp 
Dem. 

h.*1661. Dh.Px Q = S‘(2jl,;p (1) 

V . *165-21 . D h . Q ;P e Rel» excl (2) 

h. *165-25. *204-21. DI-:Hp. alP. D. Q^^iPeSer (3) 

1- . *165-26 . *270-4 . D h : Hp . D . C‘Q J, JP C Ser a comp (4) 

1- . *151-5 . *165-26 . D h : Hp . ~ E ! P‘Q . D . (7‘Q jl, ;P A a‘5 = A (6) 


h .*151-5 .*165-26 . D H : Hp.~E!P‘Q. D .O'Q], >PACnv“a‘P=A (6) 
h . (1) . (2) . (3) . (4) . (5) . (6) . *270-521 . D 

1- : Hp . a ! P . D . P X Q e Ser a comp (7) 

h . *16613 .DI-;P = A.D.PxQ 6 Ser a comp (8) 

l-.(7).(8).Dh.Prop 

\J 

*27064. I- :PeSer Acomp.~E!P‘P.a;~e C‘P . D.P4>^eSer Acomp 
Dem. 


h. *204-51. DI-;Hp.D.P-f>a;eSer (1) 

h. *161-1 . Dl- : Hp.D.(P-t>a:>‘ = P»c;D‘Pti‘a; 

[*93-103] = P« G‘P t i‘x (2) 

h . (2) . *270-1 . 3 h ; Hp . 3 . P-f*ar C (P-l*a;)» (3) 

h . (1) . (3) . 3 h . Prop 


*270-641. I- : P e Ser a comp . ~ E ! B‘P .x^e G‘P . 3 . a; <4- P e Ser a comp 
[Proof as in *270 54] 


*270-66. 

Dem. 


l-:P6H.C‘PCSer.~E!P‘P.(7‘PACnv»a‘P = A.3. 

n‘P 6 Ser A comp 


h.*251-3.3f-:Hp.3.n‘PeSer (1) 

I-. *250-21. *93-103. 3 

h : Hp . Q e C‘P . il/ e F^‘G‘P . 3 . (a®) . (Jlf‘P,‘Q) (P/Q) a; (2) 

h . *200-43 . 3 

h : Hp(2).(Jlf‘P/Q)(A‘Q)a^.Z=ilf r(-t‘A‘<2)wa;4(P/Q).3.Jlf(n‘P)Z (3) 
I-. *200-43. 3 

1 - : Hp(3) . Ne Fs‘G‘P. {M‘Q) Q (N‘Q ) . M[P‘Q=: N\^P‘Q . 3 . X(n‘P) N (4) 
h.(2).(3).(4).3 

h ; Hp . M,NeF^*G‘P .QeG‘P. {M*Q) Q {N‘Q) . M[P‘Q = N\‘^‘Q . 3 . 

(ai).iif(n‘P)Z.Z(n‘P)i7 (5) 
I- . (6) . *200-43 . 3 h : Hp . 3 . H'P C (H'P)’ (6) 

|-.(l).(6).3KProp 
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*270'66. h : P e Ser . Q e ~ E 1 ~ E ! B‘Q . D . P^ e Ser r\ comp 

Bern. 

I-.*176'161. 3 1- : P = A . D . P^eSer n comp (1) 

l-.j|»176181182. DH.P«smorn‘PJ,;Q (2) 

I- . *165-25 . *251-121 . D I- : Hp . g 1 P . D . P ^ JQ e ft (3) 

h . *165-26 . *204-21 . 3 h : Hp . D . C‘P 5Q C Ser (4) 

h. *165-25. *151-5. 3 H ; Hp . g I P . 3 . ~E ! P'Cnv'P J, JQ (5) 

h. *165-26. *151-5. 3 1- : Hp . 3 . (7‘P 5Q n Cnv“a‘P = A (6) 

h . (3) . (4) . (5) . (6) . *270-55 . 3 h : Hp . g ! P . 3 . ft'P ^ »Q e Ser a comp . 
[(2).*270-41] 3 . P® e Ser a comp (7) 

h . (1) .(7) . 3 h . Prop 


By means of the above proposition, compact series can be manufactured by 
taking series of such types as to exp^ to, a> exp^ coi, a>, expr«i>, etc. Any power 
a expr consists of compact series, if B is an ordinal having no immediate 
predecessor, and a is any serial number having no immediate predecessor 
not formed by adding i to a serial number). 



^|e271. MEDIAN CLASSES IN SERIES. 


Summary of ^1^271. 

We shall call a class a a “ median'* class in P if aC C^P and there is a 
member of a between any two terms of which one has the relation P to the 
other. When this is the case, we have 

xPy . . (g^) . z ea . xPz . zPy, 

i.e. PQP[a\P. 

Thus P cannot contain any median class unless P is compact. Conversely, 
if P is compact, C^P is a median class. Hence relations containing median 
classes are the same as compact relations. Median classes are important in 
dealing with rational and continuous series : the rationals are a median class 
in the series of real numbers, and the series which Cantor calls continuous 
are characterized by the fact that, in addition to being Dedekindian, they 
contain a median class which forms a series of the same type as the rationals. 

If P is a compact series, the class P^^OE^P is a median class in the series 9^P 
(^►27l-31). This fact is used in proving that the series of segments of a 
rational series is a continuous series. 

Our definition is 

raed-SP(aCC^P.PCPra|P) Df. 

Thus med‘P will be the median classes of P, and ** P e Q'med " means that 
there are median classes of P. We have Q^med = comp (*271*18) ; also 

*271*15. h : a med P . D . P, P ^ a e comp 

*271*16. h : (a A G^P) med P . = . (a n D^P) med P . = . (a a Q^P) med P . 

= .(a AD^PAQ^P)medP 
If P is a series, and a C (7^P, a is a median class when, and only when, its 
derivative is Q‘P, i,e. 

*271*2. h P € Ser . a C C^P . D :i* med P . = . C^P = Sp^a 
An important proposition is 

*271*39. h : P,QeSer A Ded . a med P. yS med Q • (P ^ a) smor (Q ^ /8) . D . 

Psmor Q 

/.e. if P and Q are Dedekindian series, and a, /3 are median classes of P 
and Q respectively, then if P ^ ot and Ql /3 are similar, so are P and Q. This 
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proposition is proved by showing that P is similar to the series of segments 
of P^a, the correlator being Itp with its converse domain limited (#271'37). 
Another important proposition is 
#271'4. h : /S € P smor Q . /9 med Q . D . med P 

I.e. a correlator of P with Q correlates median classes with median 
classes. 

The above two propositions are used in *276'3'31, which prove that two 
series which are continuous (in Cantor’s sense) are similar, and that a series 
similar to a continuous series is continuous. 


*271-01. 

*271-1. 

*271-11. 

*27i-13. 

*271-14 

Pern. 


med = aP(aCC'‘P.PGPfo|P) Df 
1- a med P . = : a C C‘P . P G P a | P : = : 

aCC‘P: xPy . . a ! « f^*P‘x n P‘y [(*271-01)] 

f- : amedP . = . amed P [*2711] 

I- ; a med P . ^ C 0‘P . D . (a w ;9) med P [*27 11] 
h ; a med P.D. C‘P ^ a med (P ^ a) 


h. *271-1. D 

h o med P .D i x,y ea . xPy . Dx,y . (a^) . ^ e o . xPz . zPy . 


[*35-102] 


• (a^) -zea.x{Pla)z .z{Pl^a)yi 


( 1 ) 

( 2 ) 


[*35-102.*27l-l] D : C‘P ^ a med (P C a) 3 I- . Prop 

*271-16. I- ; a med P .D . P,P^ae comp 
Dem. 

h. *271-1. Dh:Hp.D.PGP«. 

[*2701] D . P € comp 

1- . (1) .*271*14 . D h : Hp .D .P ^ oecomp 
h . (1) . (2) . D h . Prop 

*271-16. h : (a r> C‘P) med P . = . (a r> D‘P) med P . = . (a a Q‘P) med P . 

= .(aAD‘PAa‘P)medP 

Dem. 

h. *271-1. *33-1 5. D 

h :. (o A 0‘P) med P . = : xPy . D* « . a I « <”' D‘P ^ P‘^ P*y ! 

[*271-1] =:(aAD‘P)medP 

h . *271-1 . *33-151 . D h : (a A (7‘P) medP . = . (a a a‘P) med P 
I-. *271-1. *33-15-151 . D 

h :. (a A C‘P) med P . = : xPy . Dx,y . a ! « D‘P a (I‘P a P*x a P*y i 
[*271-1] =:(aAD‘PAa‘P)medP 

h.(l).(2).(3).Dh,Prop 


( 1 ) 

( 2 ) 


( 3 ) 
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# 27117 . I- 1 P e comp . D . (7‘P, D‘P, Q'P c med'P 
Deni. 


h . # 36 - 452 . # 270-1 . 3 h : P e comp . D . P G P Q'P 1 P . 


[#271-1] 

3.a‘Pemed‘P. 

(1) 

[#27i-13] 

3.0‘Peined‘P. 

(2) 

[#271-16] 

3.D‘Pemed‘P 

(3) 


h . (1) . (2) . (3) . 3 h . Prop 
#27118. h . a'med = comp [#2711617] 

#271-2. l-;.PeSer.oCC'‘P.3;amedP.=.a‘P = Va [#21613. #2711] 

#271*3. h ! PcRl'Prt trans . amedP . 3 . P“amed (s‘P) 

Dem. 


f- . #271-16 . #270-34 . 3 h : Hp . 3 . s‘P = sgm'P . 

[*212-11] 3.s‘P = ^7{/3.7eD‘(PeA/).al7-/8} (1) 

H . (1) . #211-12 . 3 h : Hp . y9(5‘P)7 . 3 . a ! 7 -/9 . P“7 = 7 - . 

f#37-l] 0 .(^x,y).x€y-fi.xPy.yey. 

[#27l*l] 3 . (ga;, y,z) .xey — ^ . xPz . zPy .zea.yey . 

[#20112] 3 . (a®, y,z) . xey — 0 . xPz . zPy .zea.yey (yPz) . 

[#32*18] 3 . (a«) .zea.i^l P*z — ;9 . a * 7 ~ • 

[(l).#270-322] 3.(a^).«€a.y9(5‘P)(P‘«).(A)(s‘P)7 (2) 

(-.(2). #271-1. 3 h. Prop 

#271*31. I- ; P e R1‘J n trans n comp . 3 . P“Q‘P med (s‘P) [#271-3*17] - 


The following propositions lead up to the proposition 
#271*37. h : P e Ser r\ Ded . a med P . 3 . It/, f* 0‘^\P ^ «) e P smor {9‘(P 

whence, if a is a median class of P, P is similar to the series of segments of 
P ^ 0 . This proposition is used in proving that every continuous series is 
similar to the series of segments of a rational series. 

#271-32. l-:PeSer.P = PCa.)9e D‘Pe . E ! It//? . 3 . ^=R“^=a nP'lV/S 
Dem. 


h . #205*9 . 3 h : Hp . a a (7‘P ~ e 1 . 3 . maxjj'yS = maxf> (a a /3) 

[#37-413.#211-ll] =nmxp‘/3 

[#207-13] =A (1) 

V . (1) .#200-35 . 3 t- : Hp . 3 . i^xje‘/9 = A . 

[#211-42-12] 3./8 = P“/3 (2) 

h . #207-231 . 3 I- : Hp . 3 . P“/3 = P‘ltp‘^ . 

[#37-413] 3.P“/8 = aAP‘ltp‘/3 (3) 

h . (2) . (3) . 3 H . Prop 
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«271*d21. h ; P e Ser . J? = P ^ a . D . Itp D‘P. e 1 -♦ 1 
Dem. 

I- . *271-32 . D h : Hp . /Q, 7 e D'P* . Itp*^ - ltp‘ 7 . D . /S - 7 : D f- . Prop 

#271-322. H:PeSer.P-P^a.D. ltp»s*P <• P 
Dem, 

h . #212-23 . D h Hp . D : x{\tpU‘R)y. = . 

(a^i 7 ) • 7 6 D‘Pe ./9C7./84=7** = • y = ltp‘ 7 . 

[#207-231] D . (aA 7 ) . /9 , 7 f D‘Pe . /9 C 7 . ^ + 7 . P‘® = P“/3 . P‘y = P“ 7 . 
f#37-2.#27l-321] D . P^a; C P‘y . a; + y . 

[#204 33] D . xPy D h . Prop 

# 271 - 33 . I- ; P e trans . a med P . 3 . P‘x = P“(a a ~P‘x) 

Dem. 

h . #201-501 . 3 H ; Hp . 3 . P«P‘a: C P'a; . 

[#37-2] 3 . P“(a A P‘a;) c'P‘x (1) 

t- . #271-1 . 3 h Hp . 3 : yPx . 3 . (a^') • yPi • eea . zPx . 

[#37-1] 3 . y e P«(a a P‘x) (2) 

I- . (1) . (2) . 3 I- . Prop 

#271'331. t- : Hp #271-33 .P = P^a. 3 . 0 A P*x = P“(o a P‘x) 

Dem. 

h . #271-33 .31-: Hp . 3 . a a P‘x = a a P“(« a P*x) 

[#37-413] = P“(a A P‘a:) : 3 h . Prop 

#271-332. h : P € Ser . a med P . xe C*P . D .x = ltp‘(o a P‘x) 


H . #271-331 . 3 I- : Hp . 3 . « A P‘a! C P“(a a P‘x) . 

— ► — ► 

[#205-123] 3 . maxp‘(a a P‘x) = A (1) 

h.(l >.#271-33.3 

h : Hp •D .xe C^P . P^x =» P^\(x n P^x) maxp^(a a P^x) . 

[^1^207 *521] D . a? « ltp^(a a P^x) : D I- . Prop 

9i(271'34. h ; P e Ser . a med P . D . P « ltp55^(P ^ a) 

Dem. 

h . *271-331 . *211-11 .Dh:Hp.P = Ppa.D.aAP‘fa?€ D'iEc (1) 
h . *204*33 . D h : Hp . xPy .D.an P*x C a a P^y (2) 

h . *271*332 . D h : Hp . xPy . D . ^ = ltp‘(a a P^x) . y = ltp'(a a P^y) . (3) 
[*204*1 ] 3 - a A P'^r 4* ® ^ 
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h.(l).(2).(4).*212-23.D 

f- Hp . iZ = P ^ . 3 : xPy . D . (a n P‘x) (s‘P) (« a P‘y) (6) 

I- . (3) . (6) . D h Hp . 3 ; xPy • 3 . a: }ltj>»s‘(P ^ «)} y (6) 

h . (6) . *271-322 . 3 h . Prop 

*271*35. h : a med P . 3 . D‘(P ^ «)« C — OE'maxp 
Dem. 

h. *37-413. *211-11 .3 

h ^ e D‘(P C «). . 3 : (gp) . /3 = « a P“(p n «) : (1) 

[*37-1] 3 : (ap) : a; € /8 . 3, . (ay) .yepna. xPy (2) 

I- .(2). *271-1 . 3 

I- Hp . /3 € D‘(P ^ a)e • 3 : (ap) : a: e . 3* . (ay, «) • «P^ . e « . i^Py .yepna. 
[(!)] 3* . (a^^) . a;P^ .^6/8. 

[*37-1] 3*.areP“/3 (3) 


I- . (3) . *205123 .31-: Hp . /S e D‘(P ^ a)* . 3 . maxp‘/8 = A : 3 f- . Prop 


*271-36. H : P € Bed . a med P . 3 . D‘(P ^ o)e C Q'ltp [*271*35 . *214 101] 


*271-37. 

*271-38. 

*27139. 

Dem. 


I- : P € Ser A Bed . « med P . 3 . Itp r C‘s‘(P ^ a) e P smof {s‘(P I o)| 
[*271-321-34-36. *151-22] 

h : P f Ser A Bed . a med P . 3 . P smor {s‘(P t «)) [*271*37] 

h ; P, Q e Ser a Bed . a med P . /3 med Q . (P ^ o) smor (Q ^ /S) . 3 . 

P smor Q 


h . *212-72 . 3 ; Hp . 3 . (?‘(P t «)) smor {s‘(P I fi)] (1) 

h . *271*38 . 3 h : Hp . 3 . P smor [s‘(P C «)1 • Q smor { 5 ‘(Q p /3)} (2) 

h.(l).(2). 3h.Prop 

This proposition is used in proving that all continuous series are similar, 
hy means of the fact that such series contain rational series as medians, and 
that all rational series are similar. 


*271*4. y i SeP smor Q . 0 med Q . 3 . (S“^) med P 
Dem. 

I- . *35-354 . *74-14 . 3 1 - : Hp . 3 . Q 1“ /3 1 S - Q I S f -S“/9 . 

[*150-1] = 

[*151-11] 0.{8KQtfi)\\(SiQ)=^(P[8“/3)lP (1) 

h.*72-6. 3h:Hp.3.(Qr/8)l'Si®“Qr/3. 


[*150-1] 

h. (2). *271-1 . 

[*151-11.(1)] 

[*271-1] 


:i.mQm\isiQ)’‘S\Qr0\Q\8 (%) 

3t-:Hp.3.S|QlSG {8i(Q[ 8)}\(8iQ) . 
3.PG(Pt‘S“/3)|P. 
3.(S"/9)medP;3h.Prop 



*272. SIMILARITY OF POSITION. 


Summary of *272. 

If P, Q are two serial relations, and P is a correlator which correlates 
some terms of C^P with some terms of we say that two terms x and y, 
of which X belongs to C^P and y to have similar positions with respect 
to T \f y comes after the correlates of all members of which x comes 
after, and y comes before the correlates of all members of D^T which x comes 
before. This notion is useful for inductive definitions of correlations. If we 
start by correlating any two terms yi, and take another term coming 
(say) after Xi, a term y^ having similarity of position with respect to x^ ^ yi 
must come after y^. Suppose now we take x^ between x^ and x^. Then 
, a term y* having similarity of position with respect to Xi ^ yiKt x^ ^ ya must 
come between y^ and y, ; and so on. A correlation T constructed in this way 

will be such that G P . P5P G Q. If the whole of C^P and C^Q can be 
obtained by prolonging the construction long enough, T will at last become 
a correlator of P and Q. This is the principle of Cantoris proof that any two 
rational series are similar. 

As a rule, when the notion of similarity of position is useful, the relation 
T will be one-one, but this is not assumed in the definition. We write 
xTpqy** for ** x and y have similar positions in P and Q respectively with 
respect to P,** or, as we may express it more shortly, “ the P-position of x is 
P-similar to the Q-position of y.'* The definition is 

PpQ = {a; € C‘P . y € C^Q . D^P nlp^x C P^^^y . D‘P nP^x C T^^^y . 

D‘Poe^a;Cry} Df. 

This definition states that the predecessors of x which have P-correlates are 
to be correlated with predecessors of y, the successors of x which have 
P-correlates are to be correlated with successors of y, and if x itself has 
a P-correlate, y is to be a P-correlate of x. 

When P is a many-one relation, the definition becomes somewhat simpler. 
We then have 

*272*13. h :: Pe Cls 1 . D xTpqy . = : 

X € C*P . y € C*Q : z e D'P n P^x . • PzQy : z e D'P n P^x . D, . yQPz : 

a?eD^P. D .y^T*x 
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We have 

♦27216. l-.(D*r)1 TpqdT 

That is, a term which has a correlate cannot have similarity of position with 
any term except one with which it is correlated. A member of G^P n T>^T 
will have similarity of position with its correlate (assuming iTeCls—^l) if 

PlD^TCi r^Q . T^^C^P C G^Q (♦27218). 

Under ordinary circumstances, a term which is not a member of T>^T 
cannot have similarity of position with any member of (PT (♦272‘2). When 
T is many-one and its domain is contained in and P and Q are series, 
and X has no P-correla^, we have (♦272*21) 

xTpqy . = : a; e G*P . y e G^Q : z c D^T n P^x . =, . T^zQy, 

ue. in this case, x and y have similar positions if the predecessors of x which 
have correlates are the terms whose correlates precede y. In this case, if 
xeC^P, we have (♦272*212) 

TpQ^x ^G^Qf^P (D^r n ’p^x = r^^^y) ^G^Qrsp (D^T a Ip^x = 

We next investigate the condition for G^P = T>^Tpq, t.e. the condition 
required in order that every member of O'P may have similarity of position 
with some member of G^Q. A sufficient condition is 

P, QeSer . Qecomp . PeCls-^l . D^PcCls induct . P ^ D^PG TfQ - a ! Q . 

P^^C^PCD'QaQ^Q 

as is proved in ♦272*34. 

We next consider the reversibility of Pp^, t.a. the condition that the 
converse of TpQ should be (?’)(}/>. A sufficient condition is 

P.QeSer.Tel-*! .D'TCC'P.a'rCC'Q (#272-42). 

Finally, we have two propositions on the addition of another couple x^y to 
T. With the above-mentioned hypothesis of *272-42, if xTp^y and P>Q GP, 
putting W^^Tvix ly.'No shall have P ^ D‘F= WJQ (#272-51), so that the 
hypothesis we had for T still holds for W. 

The propositions of this number are in the nature of lemmas for 
Cantor’s proof that any two rational series are similar, which is given 
in #273. 


#272-01. TpQ ^Stg{xeC*P.y€C‘Q. D‘P a P*x C T“Q*y . 

D‘P A P‘x C . D‘T A Px C Py] J>f 

*272-1. h : xTf^y . = . ar e C‘P . y « (7‘Q . D'P a P'® C T‘^*y . 

D‘P A P'® C P'Vy • A Px CT‘y [(#272-01)] 
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*27211. h:*eO‘P.D. 

Tpq‘x = G‘Q A A 'P‘x) A p‘Q“‘T‘\Y)‘T a %x) 

A A I'iB) 

Dem. 

h . *2721 . D h ; Hp . D . 

= G‘Q r\p[ze D'P a P‘a; . | Q// : z e D'P a P‘x zT ^Qy i 

z e D‘P A i‘x , Dj . zTy] 

[*40 6153] = G‘Q A p*Q‘f^“(D‘TnlP‘x) a p‘Q"‘*T“(B‘T n^‘x) 

A p‘r“(D‘PA t‘a;) : D h . Prop 

*272111. h;a!eO‘P.D. 

%Q*x = C'Q A p‘{Q‘“P‘(D‘r A 'F‘x) w Q‘“^‘(D‘P a P‘a:) u ^‘(D‘P a P*)} 
[*27211 .*40181 

*272*12. h :: xTpqy . = .r e G‘P , y e G‘Q :.Z€ D‘T. : zPx .zT\Qyi 

zPx . zT\Qy i z = x . zTy [*272*1] 

*272*13. K Pe Cls-» I . D xTpQy . = :x e G‘P .y e G‘Q : 

Z€I>•Tr^'P‘x . D, . T‘zQy ; ^ e D‘P a P‘ar . D* . yQ^z : xeD‘T . y =T‘x 

[*272*12. *71*701] 


*272*131. I- ; Pe Cl8->1 . a: e P‘P . D . 

*Tpq‘x = G‘Q A p‘{^‘‘T“^‘x ^^“T“‘p‘x U P‘(D‘P a Px)] 
[* 272*111 .* 71 * 613 ] 

*272*14. h : a; € C'P - D‘P . D . 

%q‘x = G‘Q A p‘Q‘“V“(D‘P A P‘a) a p‘Q»‘V“(D‘P a P'a) 
[* 272 * 111 . * 40 * 18 ] 

*272*141. I- ; a: e O'P - D‘P . D . 

Ppo'a; = G‘Q a ^ (D‘P a P‘a; C P'*?^ • n*P‘x C P“V‘y) 
[* 272 * 1 ] 


*272*16. l-:PeCls->l.a;6C‘P-D‘P.D. 

%q‘x=G‘Q np‘Q“T“'P‘x o p‘Q“T“^‘x 

[*272*131 . *40*18] 

*272*16. t- . (D‘P) 1 Pi-e C P 
Dem. 

h . *272 12 . D h : a? € D*T . xTpqy . D . : D h . Prop 

R. & W. III. 
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[part V 


#272161. I- ; T 6 CIs -> 1 . P ^ D'r e . D . (D‘r) 1 TpQ = 0‘P 1 r t C‘Q 
Dem. 

I-.*150‘41. .zeU^T .zPac .xTy .T^zQy (1) 

I- . #150‘41 . ^ I" ! Hp • z e D*T . xPz . xTy . D . yQT*z (2) 

h . (1) . (2) . #27213 . D h : Hp . xTy . xe C‘P .y eC‘Q .0 . xTp^y (3) 

I- . (3) . *27216 . D 1- . Prop 

#27217. I- ; Te Cls-»1 . P t D‘r G . D‘7’ C C‘P . Ql‘T Q0‘Q.'^. 

T=(D‘T)'\Tpq [#272 161] 

The hypothesis of #272T7 is satisfied in all the important uses of Tpq. 
*272171. I- : Hp *27217 . a;eD‘r. D .%q‘x= i‘T‘x [*27217] 

*27218. 1- ; r € Cls-*1 . P ^ D'TG TJQ . T“C‘P C 0‘Q . x « C‘P a D'P. D . 

Tpq‘x^T‘x 


Dem. 


# 272 ' 2 . 


h . *150-41 . D I- Hp . D : ^ e D‘T n P‘x . D, . (T‘z) Q {T‘x) (1) 

I- . *150-41 . D h Hp . D : z 6 D‘r A . Dj . (T‘a;) Q (t‘z) (2) 

h . #37-61 . D h : Hp . D . P‘a: e P'Q (3) 

1- . (1) . (2) . (3) . #272-13 . D 1- : Hp . D . xTp^ (f‘x) (4) 

t- . #272-13 . D t- : Hp . xTpoy .O.y= T‘x (5) 

h . (4) . ( 5 ) . D h . Prop 

h ; Pe Cls-> 1 . D‘r C P'P . P 6 connex . Q G P . a.- ~ 6 D'P . D . 

Vpn‘a;Aa‘P=A 

Dem. 

h . #272-1 3 . D i- : Hp . xTe^y . ^ e D‘P a P‘a,- . D . P‘z 4= y (1) 

h. *272-13 .Oi-:Rf.xTpQy.Z€D‘Tf^*P‘x.:^.T‘z^y (2) 

1- . (1) . (2) . D h : Hp . xTpgy . z e D‘P .D .T‘z=^y :D\- . Prop 

#272-201. h : Pe Cls-+ l.D‘TCC‘P.Pe connex . g ! D‘Tpq - D‘P . D . 

a‘TCC‘Q 

Dem. 

V . #202-104 .31-:. Hp .zeD‘T.xTpyy . a:~eD‘P. 3 : zPx . v . xPz : 
[#272-13] 3 : T‘zQy .v.yQ (T‘z) : 

[#33-132] 3 : P‘.^ € 0‘Q :. 3 1- . Prop 

#272-21. I- :: Pe Cls-» 1 . D‘P C C‘P . P, e Ser . a; ~ e D‘P . 3 :. 

xTpf^y . = :xe C*P . y e G‘Q : z e D‘P a P‘x . =t . T‘zQy 

Dem. 


I- . #272-2 .31-:. Hp . z e D‘P . xTpqy ix^ z .y^ T‘z : 

[#204-3.#272-201] 3 : a:Pz . = . ~ (zPx) : yQ (T‘z) . = . ~ {( Qy} (1) 
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H . (1) . *27213 . D I- Hp . D iixTpqy . = 
a; € . y 6 (7‘Q : . ^ e D'T . 3* : zPx . D . ^zQy ; ~ {zPx) .0.'^(T‘z)Qy (2) 

H .■( 2 ) . 3 J- Hp . 3 xTpQy . = ixeC‘P ,yeC‘Q : z eT>‘T . zPx . =i . T‘zQy ;; 

3 h . Prop 

*272-211. h :: Hp *272-21 . 3 aiTp^y . = : 

X € f7‘P . y € G*Q : z e D‘T r\*P‘x .=z.yQ {T‘z) [Proof as in *27221] 

*272-212. h : Hp *272-21 . a; e 0‘P . 3 . 

Vpq‘x = C^Qnp (D‘T n 'p‘x = T‘^‘y) ^G‘Qf^p (D‘T o 1p‘x = T‘^‘y) 
[*272-21-211] 


*272-22. !■ ; P € Cls— * 1 . P, Q e trans . xTpQ y . z, w e D‘T . x e P (z — w) . 0 . 

^ y€Q(T‘z-T‘w) 

Dem. 

I* . *272-13 .31’: Hp . 3 . T‘zQy . yQT‘w : 3 I- . Prop 

*272-221. h : Pe Cls-*1 . P, Q e trans . g ! D‘Tpq rx P {z-w) . (T‘z) Q (T‘w) 

[*272-22] z,W€D‘T 

*272-23. h Pe Cls— >1 • P, Q e trans : 

^(P c D‘P)«; . 3,,„ . a ! D‘Ppe n P(^- w) : 3 . P t D‘PG P;Q 

Dem. 


h . *272-221 . 3 h Hp . 3 : 0(P t D‘P) w . 3 . {Tz) Q {T‘w) . 
[*160-41] 3.z(P;Q)M;:.3l-.Prop 

*272-24. l-:D‘PnC‘P-- A.3.PpQ=C‘PtO‘Q [*2721] 

*272-3. h : Pe Cls-+1 . S G P . 3 . Pp^ C Spe 
Dem. 


i- . *272-13 . 3 1- Hp . xTp^y . 3 : ^ e D‘P . zPx . 3 . T‘zQy : 

[*7 2-9] 3 : 2 : e D‘-S . zPx . 3 . S^zQy (1 ) 

Similarly I- Hp . a;PpQy . 3 ; ireD'S . a:P^ . 3 . (2) 

h .*27213 .31-;. Hp . xTpqy . 3 ; ^eD‘P. z = a; . 3 . Pz = y : 

[*729] '^•.z€D‘S.z — x.'^.S‘z = y (3) 

h . (1) . (2) . (3) . *272-13 . 3 I- ; Hp . xTp^y . 3 xSpqy ; 3 h . Prop 

The following propositions lead up to *272-34. 

*272-31. I- ;P,QeSer. PeCls— >1 .a:~eD‘P.^ = maxp‘(D‘PA^‘a!). 

w = minp‘(D‘P a P'a;) . P D D‘P-G PJQ . 3 . Ppg'a; = Q (K - T‘w) 


Dem. 

h . *206-21 .31-: Hp . u e D‘P a P‘x — i‘z .0 . uPz . 
[*160-41.Hp] 3 . T^uQPz 


( 1 ) 
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[part V 


I- . (1) . D I- : Hp .yeQ {'Pz — Pw ) . u e D‘T a P‘a; . D . PuQy (2) 
Similarly V : Hp -yeQ (Pz — Pw) ,ueI>‘Tr\ P*(c . 0 . yQPu (3) 
1- . (2) . (3) . *272-13 .DV:E.p.yeQ(Pz- Pw) . D . xTpQy (4) 
h. *272-22. Dh:Hp.D.'Tpe‘a;C0(7'‘^-r‘w) (5) 

H . (4) . (5) . D I- . Prop 

*272-32. 1- : P, Q « Ser . r e CU^ 1 . 1)‘T C P‘« . 

P I D‘P <lT’>Q.z= inaxp‘D‘r . D . ^pq‘x ^*Q^Pz 

Dem. 

K . *272-13 . D h :: Hp . D xTp^y . = : ue D'T . D„ . PuQy (1) 
1- . *205-21 . D h ; Hp . u e D'T — . Z> . uPz . 

[*150-41.Hp] D . PuQPz (2) 

h . (2) . D I- Hp.ycQ'T^®. D ;« eD'P. D„ . PuQy : 

[(!)] D : xTpi^y (3) 

h.(l). D 1- : Hp . a;Pp<jy . D . (4) 

h.(3).(4).DI-.Prop 

*272-321. I- : P, Q € Ser . P e Cls-> 1 . D‘P Q*P‘x . 

P ^ D‘P <lPQ.w= minpD‘P . D .*Tpq‘x =Q‘Pw 
[Proof as in *272 32] 

*272-33. I- : P, QeSer . Qecomp . Pe Cls— >1 . D'PeCls induct . 

P ^ D‘P C P5Q . D . (P“D‘P A P“D‘P) - D‘P C D'Ppo 

Dem. 

h . *261-26 . D h ; Hp . a ! D‘P a P‘a: . 3 . E ! raaxp‘(D‘PA P‘a;) (1) 

h. *261-26. Df-;Hp. glD'PAP'a;. D. E! minp‘(D‘PAP‘a;) (2) 

h. *205-11-111.3 

1- : Hp . * ~ € D‘P . z — maxp‘(D‘P a P‘x) . w = uQinp‘(D‘P a P‘x) . 3 . zPw . 
[*150-41] 3 . PzQPw . 

[*270-11] 3.a!Q(P‘A-P‘«;). 

[*272-31] 3.a!W® (3) 

h.(l).(2).(3).3 

h ; Hp.a!~eD‘P. a I D‘Pa P‘a:. a J D‘Pa P‘<r . 3 .ajeD'J’p^ ; 3 h . Prop 
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91^272*331. h : Hp 9i^272*33 . g ! Q . CD^Q.D. G^P n p^P‘‘D^T C B^Tpg 

Dem. 

h . *261*26 , D h : Hp . a I D^r A . D . E ! max/D^P (1) 

h . *272*32 . D h : Hp . 0? 6 ^ = maxp^D^P . D . . 

[*33*4J D • a ! TpQ^x (2) 

h . (1) . (2) . D h : Hp . 6 p^P^D^P . a J D^P A C^P . D . a? € D^Pp^ (3) 

h . *35*85 . *272-24 . D h : Hp • D^P a (7'P = A . D . C^P C D^Ppg (4) 

h . (3) . (4) . D h . Prop 

*272*332. h : Hp *272*33 . a ! Q • T^^G^P C . D . O^P a ;)'P^^D^P C D'Ppq 
[P roof as in *272*331] 

*272-34. h : Hp *272*33 . a ! Q • P^G^P C D^Q a Q^Q . D . G^P = D^Ppg 
[*272*33*331*332*18 . *202*506] 

The following propositions are lemmas for *272*42. 

*272*4. f- : P, Q € Ser . P € 1 -> 1 . D‘P C C^P . a^P C G^Q . 

Xf^eT>‘T,xTpQy. ,y(T)qpX 

Dem, 

h . *272*21 . D 1- Hp . D ixeG^P .ye G^Q izeB^T rsP^x . =z . T^zQy : 
[*72*243] D :x€ G^P . y e G^Q : (P^ii;) P^r . =«, . t/; e Q^P . wQy : 

[*272-21] D : y{T)Qpx D h . Prop 

*272*41. h : P, Q € Ser . P € 1 -> 1 . D^P C (7'P . a^P C a^Q . 

X eJy^T .xTpqy . D .y{T)QpX 

Dem, 

h . *272*13 . D h : : Hp . D ^ e C‘P . 3/ - P^a; : 

^ € D^P A P^x . . T^zQy : ^ € D^P a P^a? . . yQ{T^z) 

[*204*3] D if e C^P . 3/ = T^x ; 2r e D^P a P^x . . T^zQy : 

^ 6 D^P ~ Px — P^^* . Dg . P^^ =f= 3/ , 00 {(P^^) Qy] 

[Transp] D a? € (7‘P . y = P^a; ^ e D^P — Px . : zPx . = - {T^z)Qy 2- 

[*204-1] D if € (7^P . 3/ = P^^ e D^P . D, : ^Pif . = . (P^^) Qy 

[*72*243] D if 6 C^P . y = P^if :• {T^w) Px .^g.we H^P . wQy 

[*71*362] 3 :• 3/ e - if = T^y {T^w)Px . =;j. «; eH^P. 'ZfQi/ 

[*14*21. *33*43] D y 6 . if = T^y eCE^P. D«, : {T^w)Px . = . :. 

[*204*3] D ye G^Q . x = P^y w e Q^P a Q^y . • T^wPx : 

tf/eQ^PA . Dy,.xP(T^w) :. 
[*272*13] D y(T)Qpx :: D h . Prop 
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*272-42. 

h : P, QeSer . Pe 1-»1 . D‘PC 0‘P . H'PC C‘Q . 3 . (P)qp 

I! 

Dem. 

h . *272-4-41 . 3 h : Hp . 3 . Ppo G (P)cp 

(1) 


N> 

1- ■ (1) . 3 h : Hp . 3 . Cnv‘(P)«P C Pp, 

(2) 


h . (1) . (2) . 3 h . Prop 



*272-43. l-:P,QeSerncomp-t‘A.!Z’6l->l .D'rCD'PnQ'P. 

(l‘T C D‘Q n a‘Q . P t D‘P= T^Q . D'Pe Cls induct . D . 
D‘PpQ = C‘P.a‘2V<2 = C^‘Q 

Dem. 

h . *272-34 . D I- : Hp . D . T>‘Tpq = C‘P (1) 

1- . *150-36 . D h . = PJQ t a* f . ?;p = p;p c D‘ r (2) 

l-.(2). l-:Hp.D.PtD‘P=P5QDtI‘P. 

[*151-25] D.Q^a‘P=r;pt:D‘r 

[(2)] =p;p (3) 

h. *120-214. D h : Hp . D . Cl'Pe Cls induct (4) 

h . (3) . (4) . *272-34 . D I- : Kp , D . (7'^ = D‘(r)Qp 

[*272-42] = a‘2>e (5) 

h .’(1) . (5) . 3 I- . Prop 

*272-5. I- : P, Q e Ser . P 6 Cls -> 1 . D‘P C C‘P . xTe^y . PJQ G P . 3 . 

{T^Jxiy)yQ(^P 

Dem. 

h . *150-75 . 3 

f- : Hp .{T Kt X ^ y)>Q = P>Q kj T“Q^y ]■ l*x c; i‘x T“Q‘y (1) 

I- . *272-212 . 3 h : Hp . a; ~ e D‘2' . 3 . T“^‘y C P‘a; . T“^y C P‘x (2) 
h.(l).(2). 3h;Hp.a;~6D‘P.3.(rc»*],y);QGP (3) 

h. *272-16. 3i-:«€D‘2’.3.Pvaa;4,y=2’ (4) 

I- . (3) . (4) . 3 h . Prop 

*272-61. I- : P, Q e Ser . Pe 1 -*1 . D'PC C'P . a‘P C a‘Q . 

?;PpQ2/.PtD‘P=P;Q. W=T^yxly.:>.PlD‘W= WiQ 

Dem. 


H. *272-5. 3h':Hp.0.ir;QGP (1) 

h . *272-42 . 3 h : Hp . 3 . yi^Qpx (2) 

I- . *150-36 . *151-26 . 3 I- : Hp . 3 . hp = H'P (3) 

h . (2) . (3) . *272-5 . 3 h : Hp . 3 . FJPG Q (4) 


h . (1) . (4) . *150-36 . 3 H : Hp . 3 . W>Q G P ^ D‘ TT . C D‘ F) G Q . 
[*151-26] 3.PtI)‘F=F;Q:3h.Prop 



*273. RATIONAL SERIES. 


Summary of *273. 

A ‘‘rational series'’ is a series ordinally similar to the series of all positive 
and negative rational numbers in order of magnitude, or, what is equi- 
valent, a series ordinally similar to the series of all rational proper fractions 
(0 excluded). This characteristic of rational series is not, however, the most 
convenient for purposes of definition. Following Cantor, we define a rational 
series as one which is compact, has no beginning or end, and has Nq terms in- 
its field. Thus the field of a rational series can be arranged in a progression, 
and this is the source of the special properties which distinguish rational 
series from other compact series. 

Rational proper fractions can be arranged in a progression in many ways, 
for example the following: If two fractions (in their lowest terms) have the 
same denominator, put the one with the smaller numerator first ; if they have 
different denominators, put the one with the smaller denominator first. We 
thus obtain the series 

h h h h 6 > h-'- 

This series is a progression, and contains all rational proper fractions. 

Conversely, the natural numbers can be arranged in a rational series. 
Take, e.g.y the following arrangement: Express the numbers in the dyadic 
scale, so that every number is of the form 

2 2^(/t6^), 

where /c is a finite class of integers. The relation of the number to fc is 
one-one. Arrange the various ks by the principle of first differences, i,e, 
form the series M^i ^ (Cls induct — t^A), ^here M is the relation “ less than ” 
among finite integers. The resulting series is a rational series; thus the 
integers are arranged in a rational series by virtue of their correlation with 
the classes /c. This arrangement places all the odd numbers before all the 
even numbers, all numbers of the form 4i/4*2 before all numbers of the 
form 4i/, and so on. If two numbers are expressed in the dyadic scale, 
their relative position in the series is determined by the first digit (starting 
from the right) which is not the same in the two numbers : the one in which 
this digit is 1 precedes the one in which it is 0. 
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[part V 


The two chief propositions in regard to rational series are (1) that any 
two rational series are ordinally similar, (2) that if i? is a progression, its 
finite existent strb-classes arranged by the principle of first differences form 
a rational series. The second of these propositions is proved by showing 
(a) that the finite existent sub-classes arranged by first differences form 
a compact series, (6) that the finite existent sub-classes arranged by last 
differences form a progression. By this means, given any progression, we 
can specify a relation which arranges its terms in a rational series. For if T 
is a correlator of our progression R with the progression 

jRic I (Cls induct ~ A), 

then D induct — l^A) 

is a rational series whose field is C^R, Hence rational series exist in any 
type in which progressions exist. 

The arrangement of the finite sub-classes of a progression, with the 
resultant existence-theorem for rational series, will be dealt with in the 
following number. In the present number, we shall be concerned with the 
proof that any two rational series are ordinally similar. 

The proof of the similarity of any two rational series is due to Cantor. 
It is long and rather complicated ; in outline, it is as follows. 

Let Pf Q be two rational series, and jR, S two progressions whose fields 
are C^P and C^Q respectively. Construct a series of correlations of parts of P 
with parts of Q on the following plan : Begin with A, and if T is any correla- 
tion, let the next be 

Then the sum of all the correlations generated from A by this law of 
succession will be a correlation of P with Q. It will be seen that, if 
we put 

W = XT [X = seqi{*D^jr4^ min/TpQ^seqjj^D^Tj, 

the relation which is to be shown to be a correlator of P and Q is in the 
sense defined in ^259. Thus we have to prove 

W^el->\.a^W^ = C^Q.P^ WJQ. 

Wji € 1 1 results immediately from ^1^259*15. 

P P = WjfQ results immediately from ^259*16 and 9|e272*51. 

Thus it remains to prove == C^P . = C^Q. 

— C^P is easily proved. By induction, if T is one of the series 
of partial correlators, Cls induct, and therefore E ! seqie^D^T, by «|e263 47, 

and by 9|f272*34, C^P^D^Tpq) hence g ! rpn^seqjj^D^T, and therefore, by 

4 — 

4^250*121, E ! mins^iTp^/seq/^^D^T. Hence T has a successor, which correlates 
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seqjj^D^T with min^^JpQ^seqjj^D^Tl Hence the successor, in 22 , of every 
member of C^R which has a correlate, has a correlate ; hence by induction 
every member of C^R (i,e. of C^P) has a correlate. Hence W 4 = C^P. 

The proof of = C^Q is more difficult. As before, let T be one of the 

series of partial correlators. We have to prove that there is a correlator which 
has seq^^Q^P in its converse domain ; when this is proved, the result follows 
by induction. To prove this, put 

X = minjj*3pg^seq/a^T. 

X exists, in virtue of *272*43. Also since = C^P, it follows from *259*13 

that there is a partial correlator U such that 

^ == seq/i‘D^ 27. 

We then have to prove seq^^Q^P = min^^^P^^a?. 

Put y = seq/a^P. Then C H^P. Hence, by *272*2, a Vpq^x = A. 
Thus \f xUpqy^ it follows that 3 / = mmg^UpQ^x. To prove xUpqy, observe that 
PC 27. 27pg e PpQ . p ^ D‘27= [7;Q. 

We have e D^27 . D . f-^(uTpQy\ by *272*2. Hence, by the definition of Tpq, 
we have, if w e 27, 

(a^) . ;? € D^P . ^Pw . (T^zQy ) . V . (a^) .zeB^T.uPz.^ (yQT^z), 

In the first case, we have (a^) - - 8 ^€D‘P. ^rPw . ^(^Pa?), because xTp^y 
Hence, since x^z because aj^^eD^P, 

(a^) • ^ € D‘P . zPu . xPz, 

Similarly, in the second case, 

(a^) . z e D^P . uPz . zPx. 

The second case is incompatible with xPu, and the first with uPx, Hence 
xPu . D . (a-2^) . ^ e D^P . xPz . zPu : uPx . D . (3-2^) . z e D'P . uPz . zPx, 

But, since xTpQy, xPz . D . yQ (T^z) . D . yQ ( U^z), because P G 27, and ^ince 
PDD^27=:275g, zPu.D.(U^z)Q(U^u), 

Hence xPu . yQ(U‘u\ and similarly uPx ,{U^u)Qy. Hence xUpqy. 

Hence y ==min5^27pQ^a?, and therefore y belongs to the converse domain of the 
next correlator after 27. Hence every term of C*Q belongs to the converse 
domain of some correlator, and therefore to Hence correlates P 

and Q, and P and Q are ordinally similar. 


14 
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[part V 


♦27301. i; = SerncompnO“N„AP(D‘P = a‘P) Df 

Following Cantor, we use f) for the class of rational series.- 

♦273*02. RspqT— T o seq«‘D‘P mins‘PpQ‘seq«‘D‘P Dft [♦273] 

♦273-03. (P)S)pe = ('^^‘A Dft [♦273] 

♦273-04 Tsspq^s‘{RS)i>q Dft [^273] 

TjfspQ will be shown to be a correlator of P with Q when P and Q are 
rational series, and R and S are progressions whose fields are C‘P and C‘Q 
respectively. 

♦273-.1. 1- : P € 17 . = . P e Ser A comp . C‘P 6 . D‘P = Q'P [(♦273-01 )] 

♦273*11. 1- P e 1 / . s : P 6 Ser a comp . D‘P = Q‘P : (gP) .Rem . C^P = C‘R 

[♦273*1. ♦263*101] 

♦273*2. \-iW=tf[X = seq^‘D‘P mins‘VpQ‘8eq«‘D‘P) . D . 

IT • (R^)pq C {A ^r*AYK . TjtgpQ G . TpgpQ e {A^’^^AyK 
[♦257*125 . ♦258*242 . (♦273*02*03*04 . ♦259*02*03)] 

Here the temporary definitions of ^259 are revived. 

The second of the above inclusions might be changed into an equality, 
but it is not necessary for our purposes to prove this. 

♦273*21. I- : Hp ♦273*2 . D . D‘ C O'P . C' If^ C C^S 
Bern. 

V . ♦259*13 . D 1- : Hp . D . D‘Tr^ = s‘D“ F“(A ^♦A)‘A (1) 

I- . ♦206*18 . 3 1- : Hp . Z € D‘ IT . D . D‘Z C C‘R (2) 

l-.(l).(2).DI-:Hp.D.D‘TF^CC'‘P (3) 

Similarly I- : Hp . D . Q‘IF^ C C"/S (4) 

1- . (3) . (4) . D 1- . Prop 

♦273*211. 1- : Hp ^273*2 . Pe a‘ F . D . D‘P a D‘ W‘T = A [♦206*2] 

♦273*212. y : Hp ♦273*2 . D . e Cls -» 1 . D |- (A ^.♦A)‘A e 1 -> 1 

[♦273*211 .♦259*141*171] 

♦273*22. I- ; Hp ♦273*2 . C‘P ^C‘R.Pe connex .QQJ.D. 

F^ € 1 1 . Q f* (A ^^♦A)‘A 6 1 — ♦ 1 

Bern. 

I- . ♦273*211*212*21 . ♦206*2 . (♦259*03) . D 

h ;. Hp . 3 : Pe(A ,y*A )‘A a Q' F. 3 . Pe Cls-> 1 . D‘PC C‘P. seq«‘D‘P~e D‘P . 

[♦272-2] 3 . mins‘PpQ‘seqi,‘D‘P ~ e H'P (1) 

1- .(1). 3 1- :.Hp . 3 : Pe (A (^♦A)‘A a Q' F . 3i. . Q'P a Q' F‘P = A : 
[♦259-14-17] 3 : F^ € 1 ^ Cls . H [‘(Ah.^A) e 1 -> 1 

l-.(2).^273*212.31-.Prop 


( 2 ) 
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*273 23. h : Hp*273-2 . P, Q e Ser . = C‘P . C‘Q = C‘S . Te {A ,^*4)‘A . D . 

PIT>‘T=T>Q 

Dem. 

I- . *272-61 . *273-21 .DhrHp.Tea'lf.D.PD D‘.4 ^‘P = (1) 

h . (1) . *25916 . D I- . Prop 

*273-24. h : r € {RS)pq . D . D‘P, Q'T e Cls induct 
Dem. 

I- . *120-251 . D 

1- Hp .0:Te D‘.4 jy . D‘P e Cls induct . D . D‘A jyTe Cls induct : 
[*90-112] ■^ik{Aw)^T.-^. D'Pe Cls induct : 

[*273-2.(*273-03)] D : Te{R8)pQ . D . D'Pe Cls induct (1) 

Similarly h Hp. D : Pe(P,SI)pg . D . Q'Pe Cls induct (2) 

l-.(l).(2).Dh.Prop 


*273-26. I- : P, Q € », . (7‘P = 0‘P . (7‘Q = C‘8 . Te (RS)pq . D . 

D‘TpQ = G‘P.a*TpQ = C‘Q 

Dem. 

h . *273-1 . D 

i- ; Hp . 3 . P, Q e Ser comp . C‘P = D‘P = Q'P . C‘Q = D‘Q = Q'Q (1) 
I- . *273-1 . *263-44 .31-: Hp . 3 . g ! P . g ! Q (2) 

h . (1> . (2) . *273-22-23-24 . *272 43 . 3 h . Prop 

*273-26. 1- : . P. Q e 17 . E. ^ e « . C‘P = C‘P . C'Q = C‘S . 3 ; 

Te{R8)pQ . 3 . E ! seq^j'D'P . E I mins'rpe'seq^'D'r 

Dem. 


I- . *273-21 . *263-47 . *273-24 . 3 1- : Hp . Pe {R8)pq . 3 . g ! C'E a jt)‘E“D‘P. 
[*250-122] 3.E!seq„‘D‘P (1) 

I- . (1) . *273-25 . 3 I- ; Hp . 3 . g iVpg'seqB'D'P. 

[*250-121.*272-l] 3 . E ! mins‘P/>Q‘seqB‘D‘P (2) 

1- . (1) . (2) . 3 I- . Prop 


*273-27. h : Hp *273-2 . Hp *273 26 . 3 . {RS)pq C H' IF . {R8)pq C D‘^ 
[*273-26] 


*273-271. h : Hp *273-26 . T e (R8 )pq . 3 . 8eq«‘D‘P e B^Tpspg 
Dem. 

I- . *273-2 . 3 h : Hp . Hp*273-2 . 3 . TeiR8)pQnD‘A^r . 3 . Aw‘Te{R8)pQ (1) 
1- . *273-2 . 3 

I- ; Hp . Hp *273-2 . Te iR8)pQ .ElA„r‘T.'D. seq«‘D‘P e D‘.4 ,y‘T (2) 

l-.(l).(2).*273-27.3 

I- : Hp . Hp *273-2 .:>.A^‘Te {R8 )pq . seqs'D'P e D‘A . 
[*273-2.(*273-04)] 3 . seq«‘D‘P e D^TpspQ s 3 I" • Prop 
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#273-272. h : Hp#273-2G . D . D^\RS)pq = R"C‘R 
Dem. 

f- . #206-401 . D I- : Hp . T e {RS)pq . B‘T =R‘x .xeC‘R .x = seq^'D'r . 

[#204-71. #250-21] .D‘Rspq*T = R‘R^‘x (1) 

h. *250-1 3. D h ; Hp . D . D‘A (2) 

h . (1) . (2) . #90-131 . D h Hp . D : T(RspQ)^k . D . T)*TeR“C‘R : 
[(#273-03)] D : T>“{RS)p(f c'r‘*C‘R (3) 

h. (1). (#273-03). D 

h : . Hp . D : a: € (7‘i2 . 6 D“(RS)pq . D . ^‘R,‘x e I)“(RS)pq (4) 

I- . (2) . D h : Hp . D . 'R‘B‘R e I>“(RS)p(i (5) 

I- . (4) . (5) . #90-112 . D h :. Hp . D : a; 6 (R^‘B‘R .^.'R‘x€ D“{RS)pq (6) 
I- .#263-43 . #250-21 . D H : Hp . 3 . C'iJ = C*R , . B‘R = B‘R, (7) 

h . (6) . (7) . #263141 . *122-1 1 41 . 3 

h : . Hp . 3 : a.- € . 3 . ^‘a; € I>“(RS)pq (8) 

h . (3) . ( 8 ) . 3 h . Prop 

#273-28. h : Hp *272 26 . 3 . Tpsp ^ € 1 -» 1 . D^Tjispq = C‘P.P== Tj^pq’Q 
Bern. 

H . *273-2-22 . 3 h : Hp . 3 . TpspQ e 1 ^ 1 (1) 

I- . #273-272 . 3 h : Hp . 3 . ^‘Tbspq = s‘R“C‘R 
[#263-22] = C‘R (2) 

I- . *273-2-23 . 3 I- : Hp . 3 . P ^ D'Pbspq = Tpspq'>Q • 

[(2)] :>.P = TpsP<i’Q (3) 

h . (1) . (2) . (3) . 3 I- . Prop 

In order to prove TpgpQ ePsnior Q, it only remains to prove 

(1‘Tpspq==C‘Q. 


#273-3. h :. Hp#273-2 . T. Ue(Afr^AyA . 3 : D'PCD'P. = .T<IU 


Dem. 

1-. #33-263. 3I-:PCP.3.D‘PCD‘I7 (1) 

h. *259-111. 3h:.Hp.3;PCP.v.f7GP (2) 

h. #.33-263. 3l-:trC7’.D‘2’CD‘P.3.D‘r=D‘I7 (3) 

h . (3). *273-212 . 3 1- : Hp. f/G P. D‘TC I>‘U. 2.T=U (4) 

|-.(2).(4).. 3l-:Hp.D‘PCD‘P.3.PGP (5) 

t-.(l).(.5).3h.Prop 
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*273-31. h ; Hp *273-26 . T€(RS)pq ,yeC‘8- a‘T . S‘y C Q'T . D . 

(ga.-, U).x— . U e {RS)pq . x = seq/(‘D‘ U 

Bern. 

h . *273-25 . *250-121 . D h : Hp . D . (ga?) . x = miapTpQ^y (1) 

I- . *273-272 . D 1- ; Hp . x = minp‘TpQ‘y . D . (g [/■) . e {R8)pq .T>‘U= R‘x . 
[*206-401] D.(gCr).[7€(i?£r)pQ.a; = 8eq«‘D‘tr (2) 

h . (1) . (2) . D h . Prop 

*273-32. h ; Hp *273-31 . x=mmii*TpQ‘y . U e(R8)pQ . x = 8e<\p‘D*U . D . 

xUpqy .TQ.U 


Dem. 

h . *205-14 . D h Hp . uRx . D : {uTp^y)-. 

[*272*13] D : : z e : zPu . {T^zQy ) . v . uPz . ^ {yQT^z) (1) 

h . *272-2-42 . D h : Hp . D e D‘r. (2) 

[*273-272] D.D‘7'C^‘a- (3) 

1-. *273-272. DI-:Hp.D.'K‘a! = D‘U’ (4) 

h.(3).(4).*273-3.Dh:Hp.D.2’Cif; (5) 

h.(l). *272-13. D 

h Hp . uRx . D : (gz) : z e B‘T ; zPu . ~ {zPx) . v . uPz . ~ {xPz) (6) 

H . *204-1 . D h :. Hp . D : uPx . zPu . D . zPx : xPu , uPz . D . xPz (7) 


I- . (6) . (7) . (4) . D H Hp. « e D‘J7. D : uPx . D . (g^) . z e T)‘T. uPz .r^ixPz): 

xPu . D . (g^) .zeD‘T. zPu . ~ (zPx ) : 
[(2)] D : uPx . D . (g^) . e . uPz . zPx : 

xPu . D . (g^) . z e D'T. zPu . xPz (8) 

h . *272-13 . *273-23 . D 

\-:llf.u€J)‘U.Z€l)‘T.uPz.zPx.:>.{bu)Q{U‘z).{hz)Qy. 


[(5)] y.(U‘u)Qy (9) 

Similarly h : Hp .ueJ)‘U .ze D'T . zRu . xPz . 3 . yQ ( U‘u) (10) 

1-.(8).(9).(10). 3 

I- Hp. weD'f/'. '^luPx.O .(U‘u)QyixPu.O . yQ{U‘u) (11) 

h . (11). *272-13 . D h ; Hp . 3 . xUp^y (12) 


h.(5).(12).3h.Prop 
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4|i 273'33. h : Hp «273’32 . D . y = mms‘UpQ*a! . a!(Rsp(}‘ U) y 
Dem. 

I- .*273-32 . D h : Hp . D . S‘y C a‘17. 

[*272-2-42] D ."s^y nUpQ^x = A (1) 

I- . (1) . *273-32 . *206-14 . D h : Hp . D . y = mins* Upq^x (2) 

I- . (2) . (*273-02) . D f- : Hp . D . a; (Rsp<i‘U) y : D H . Prop 

*273-34. h : Hp *273 31 .D.ye H^Tjispe 
Dem. 

V . *273-31-33 . D h : Hp . D . (a(7) . Jfe (,R8)pq . y e a‘Rsqp‘U . 

[*90-1 6.(*273-03)] ^ .(’^W) .W e{R8)pQ.yea‘W . 

[(*273-04)] D.yea‘TnspQ::i^ .Prop 

*273-36. h : Hp *273 26 . D . Q' Trspq = C‘Q 
Dem. 

f- . *273-34 . D h ; Hp . y € C'S ."^‘y C .D.ye H^Tpspa (0 

h . (1 ) . *250 34 . D h . Prop 

*273-36. I- : Hp *273 26 . D . TpspQ e P s-mof Q [*273-28-35] 

*2734. h I PyQ e 7} . P smor Q 

Dem. 

h . *2781 1 . D h : Hp . D . (gi?, >Sf) . jS, S € a> . == === . 

[*273%36] D . {’RP* • Pbspq ^ P Q : D h . Prop 

*273-41. f- : P €7] . P smor Q . 0 , Q € tj 
D em. 

f- . *270*41 - D h : Hp . D . Q e Ser n comp (1) 

h . *151-18 . *123*821 . D h : Hp . D . e No (2) 

h . *151*5 - D h : Hp . D . D^Q = Q^Q (8) 

h . (1) . (2) . (3) . *273*1 - D h . Prop 

*273*42. h : P € t; . D . 77 = Nr^P [*273*4-41] 

*273-43. h . 77 € NR [*278*42 . *256*54] 

The following propositions are easy to prove: 

h : Q € Ser n .P€77 .D.QxP€ 77, 
whence brae NR n CPSer . ==No-D,a X 77 = 77; 

and 

b:Pe77.Q6SernO^^No-^€(7^P.D.a;;5e€Nr^QARP(QxP).exPe77, 
whence, from the fact that all 77*8 are similar, 

b : P 6 77 . Q € Ser n O^^No - 3 - 3 ! Nr^Q a RPP. 

Thus an 77 contains series of all the order-types composed of No terms. 



9|f274. ON SERIES OF FINITE SUB-CLASSES OF A SERIES. 


Summary of 9 |e 274 . 

In the present number, we shall be concerned with the construction of 
a rational series consisting of the finite existent sub-classes of a progression. 
When the finite sub-classes of a progression (excluding A) are arranged by 
the principle of first differences, the result is a rational series. When they 
are arranged by the principle of last differences, the result is a progression. 
These two propositions, with the consequent existence-theorems, are to be 
proved in the present number. 

We define “P, as P^i with its field limited to finite existent classes. 
(For the definition of Pd, see 5|^170’01.) In the present number, we shall be 
chiefly concerned with P, when Peo), but it has interesting properties in 
many other cases. 

Our definition is 

Py^ = Pd ^ (Cls induct — i^A) Df. 

We shall be concerned in this number not only with P,,, but also with 

Pic ^ (Cls induct - 6*A). This is Cnv^(P),. Thus if we put P = Q, the 
hypothesis that P € Q as used in studying Pjc I (Cls induct ~ i^A) is 

V./ 

equivalent to the hypothesis that Qeil as used in studying Cnv^Q,, 

i,e. Qr,. Thus the study of Pd and Pic with their fields limited to inductive 
existent classes may be replaced by the study of P,, in the two cases where 

(1) P e n, (2) P € ft. The second case is the simpler, and is considered first. 
We have first, however, a collection of propositions which only assume that 
P is a series. 

Since an inductive existent class in a series must have a maximum and 
a minimum, we have 

*27412. h P € Ser . D aP,j3 - = : 

a, ^ e Cl induct^O^P - i^A : {^z) , z e a ^ , a r\ P^z ^ ^ n P^z 

We have 

*27417. h : C^P - e 1 . D . C^P, - Cl induct^C^P - i^A 
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Whenever P is a series, P, is a series (*274*18). If P has a last term, the 
class consisting of this last term only is the last term of P,, ; if P has no last 
term, P, has no last term (*274*191). If C^P is an inductive existent class, 
the first term of P, is C^P (*274*194); if not, P, has no first term (*274*195). 
Hence if P has no last term, P, has no first or last term, and we have 
D^P, = Q‘P,, (*274*196). Thus of the characteristics used in defining 17 , 

we have P, eSer whenever PeSer, and D^P, = Q^P,, whenever <^E!P^P 
We next prove 

*274*22. h : P 6 n • D . P, € n 

which, in virtue of what was said above, is equivalent to 
P € ft - D . Pic ^ (Cls induct - t^A) e ft, 
that is : The principle of last differences applied to the inductive existent 
sub-classes of any well-ordered series gives a well-ordered series. 

To prove *274*22, since we already know that P^ is a series, we only have 
to prove that every existent sub-class of C^Py^ has a maximum with respect 
to P,. This is proved as follows. 

Let K be any existent sub- class of Cl induct^(7^P — Consider the 
minima of all the members of k : these minima all exist, because k is 
composed of inductive classes. Then in virtue of the nature of the principle 
of first diflferences, members of k which have a later minimum come later 
than those that have an earlier minimum. Hence if we consider minp^^^:, 
the classes whose minimum is the maximum of minp^^/c (which exists, because 

\j 

P 6 ft) are later than any other members of k. Put 

Xx = maxp^minp^'/c . k r\ minp^^i. 

Thus /Vj consists of those members of k which have the largest minimum, 
and members of come later than any other members of /c. Similarly the 
latest members of will be those that have the greatest second term. 
That is, if we take away the (common) first term from each member of /Ci, 
and if \i is the resulting class of classes, we have to apply to Xj precisely 
the same process as we have already applied to k. Thus we are led 
to put 

47- 

= maxp^minp^^/c ./Ci = /c a minp^a?i . Xi = (-- 
X 2 = maxp^minp^% . /C2 = ^ minp^a?2 • ^ = (*“ 

and so on. The series a? 2 , ... is an ascending series in P, and is therefore 
finite, by ^*261*33. It therefore has a last term, say x^. Then the class 
i^Xi u ^ ^ is a member of k, and is easily shown to be its 

maximum. Hence every existent sub-class k of (7^P, has a maximum, and 

therefore Py^eil. 
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In order to symbolize the above process, we put 

= maxp^minp^*^ Dft, 

Tp^K = (— L^Pm^Ky\K o minp^Ptrt'^) “* Dft, 

Mp^K « Dft. 

Then PfnK is what we called Tp^fc is what we called Xi, {Tp)^‘te is 
the class Xi, Xa, ... X„_i, and Mp^tc is the class Wi, a? 2 , ... Thus what 

we have to prove is 

Mp^/c = max {P^Yk, 

which is proved in *274*215. 

We prove next 

*274*25. h:P€(o.D.P^€(D 

For this purpose we use *263*44, namely 

o) = a - A p(a^p, = a^p .~E ! b^p). 

Thus it only remains to prove 

D^(P,), = D^P,.-E!£^P,. 

^ E ! JB^P, follows from *274*195, and D^(P,,)i == D^P, is proved without any 
difficulty ; hence our proposition follows. 

Vi/ 

From *274*25*17, by substituting P for P, we obtain 
*274*26. h : P e 0) . D . Pi^ ^ (Cls induct — e^A) e oo . 

f/^Pic I (Cls induct — i^A) = Cl induct^C^P — £^A 
whence it follows immediately that 

*274*27. h : a e No . 3 . Cl induct^a e No - Cl induct^a — i^A e No 
I.e, a class of No terms contains No inductive sub-classes. 

We now have to prove 

*274*33. h:P€&)-D-P,,€?7 

In virtue of *274*17*27, we have G^P^cHq; and by *274*18, P,, € Ser. 
Thus it only remains to prove P^ € comp . D^P,, = Q^P,,. The second of 
these results immediately from *274*196. As for P,, e comp, if aP,,^, 

4 — 4 — 

a u y8 € Cls induct, and therefore g ! p*P^\a v 13) ; but if a; e p*P*^{a u ^8), we 
have aPn (y8 w . (0 w t^x) P,,/3 ; hence P,, G P,^ This completes the proof 
that P,, € Tj. 

The proposition holds not only if Pew, but if P is any series which has 
no last term and whose field has No terms (*274*32). 

Finally, we deal with the existence of t) (*274*4 — *46). If Pew, P is 
similar to Pj^ ^ (Cls induct - t^A), by *274*26; and if P is a correlator of 


R. & w. in. 
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these two, jT'P, is an rf whose field is G‘P (*274'4). Hence the existence 
of ft in any type is equivalent to the existence of to in that type (♦274‘41). 
Hence we have merely to apply previous propositions on the existence of to. 


=k 27401. P, = Pe, ^ (Cls induct — t‘A) Df 

4t274'02. = m&xp‘minp“tc Dft [#274] 

*27403. TpU = (- t‘P„‘/c)“(/c n imni.‘P„‘/c) - i‘A 

Dft [*274] 

*27404. Mp‘k^PJ‘(T^‘k Dft [*274] 

*2741. h : aP,)8 . = . a, ^ e Cl induct‘C‘P - i‘A . g ! a — /3 — P“(/S - «) 
[*170-1 . (*27401)] 


*27411. I- : P e Ser . a e Cl induct‘C‘P — i‘A . D . E ! min^'o . E ! maxp'a 
[*261-26] 

*274-111. 1- ; P e Ser . ~ E ! B‘P . a e Cl induct* C‘P . D . a ! p‘P“a 
Dem. 

h . *274-11 . D I- : Hp . a ! a . D . maxp*a e D‘P . 

[*205-65] D . a ! J)‘P“a (1) 

h .(1). *40-2.31-. Prop 

*27412. I- :: P e Ser . 3 :. aP,/9 . = : 

a, /8 € Cl induct‘(7‘P — t‘A ; (a^) . e a — y3 . a a P‘z = /3 a P*z 

Dem. 

h. *170-2. 3 

I- :. a,/9 e Cl induot‘C'‘P — t‘A ; (a^') . e a — /3 . a a P‘z= ( i a P‘z ; 3 . oP,)8 (1) 
I- . *274-11 . 3 I- ; Hp . aP,iS . 3 . E ! min/ la - /3 - P“(j8 - a)} . 
[*170-23.*205-192] B 'Oir\^‘z = B (2) 

1- . (1) . (2) .31-. Prop 

*274-13. h . P,o D (Cls induct - i‘A) = Cnv‘(P), [*170101 . (*274 01)] 
*27414. I- P e Ser . 3 ;. a {Pi,, [; (Cls induct — t‘A)} )8 . = ; 

4 — 4 — 

a, ^ 6 Cl induct‘C‘P — t‘A : (a ^®) . ze^ — a.art P‘z = /8 a P*z 
[*274-12-13] 

*274-15. h ; a, y8 e Cl induct'C'P — t‘A . C a . yS =f a . 3 . aP,y8 
[*170-16. *274-1] 

*274161. h ; « e Cl induct‘C‘P — 1 . a e o . 3 . aP^(i‘a;) [*274-15] 
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#27416. l-;a!P,. = .O‘P~€0wl 
Dem. 

I- . #2741 . D I- ; a ! P, . D . a ! 0‘P (1) 

h . #274151 . D h : a‘P ~ e 0 « 1 . D . a I P, (2) 

h . #60-38 . D h : 0‘Pe 1 . D . ~(aa,/9). a,/8 e C1‘C‘P- t‘A . a I a-)8. 
[#274-1] D.P, = A (3) 

h . (1) . (2) . (3) . D I- . Prop 

#274-17. h : (7‘P ~ e 1 . D . C‘P„ = Cl induct'O'P - t‘A 
Dem. 

I- . #274-151 . D h . Cl induct‘C‘P - t‘A - 1 C D‘P, (1) 

I- . #274-151 . D I- : (7‘P . C‘P + . D . Px e Q'P, (2) 

l-.(2). Dl-:Hp.D.Cl‘(7‘PAlCa‘P, (3) 

h.(l).(3). Dh;Hp.D.Clmduct‘C‘P-t‘ACC‘P, (4) 

I- . (4) . #2741 . D I- . Prop 


#274-171. h : P» C P . a;Py . D . (t‘a:) P, (t‘y) [#274-1] 

#274-18. h:PeSer.3.P,eSer 
Dem. 

h . #201-14 . D 

h Hp — — P^z = a P^z - /8 n = 7 a P^w; . 3 : 

■— > — ► 

2 Pw .O.zea — y.an P‘z = 70 P‘.s ( 1 ) 


h . # 201 - 14 . D I- Hp(l). D : wPz .0 .wea — y.art P‘w — yriP*w ( 2 ) 
h . ( 1 ) . ( 2 ) . # 202 - 103 . # 274-12 . D h : Hp . aP,)8 . /9P,7 . D . aP,7 (3) 

I- . #271-11 . D 

h : Hp . a,/8 6 Cl induct'C'P — t‘A . a ^ y8 . D . (a«) • ^ = miiip' {(o — yS) w(y3-a)} . 
[#20514] 3 . (a^) . z e {a - p) \j (p — a) . a r\ P*z = /3 a P‘z . 

[#274-12] 3 . « (P, o P,) ^ (4) 

I- . (3) . (4) . #170-17 .31-. Prop 

#27419. I- : P e connex .P^GJ . 0 . B*P^ = P‘B‘P 
Dem. 

1-. #274-151. Dl-.Clinduct‘0‘P-lCD‘P, (1) 

h. #274-171. DI-;Hp.3.t“D‘PCD‘P, (2) 

I- . (1) . (2) . #274-17 . 3 1- ; Hp . 3 . !b‘P, C t“^‘P (3) 

I- . #202 524 . 3 

I- : Hp . a: e'P'P . ;8 e Cl‘(?‘P - i‘A. € / 3 . 3 . a; e P“(/3 - t^a;) 


( 4 ) 
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[part V 


h . (4) . D ^ ^ 

h ; Hp . a; e 5‘P . D . ~ (g/S) . ^ e Cl induct'C'P - t‘A . g ! . 

[#274’1] D.t‘a;~eD‘P, (5) 

H . (5) . *2741 7 . D h ; Hp . 3 . t“^‘P c1b*P„ (6) 

h . (3) . (6) . 3 h . Prop 

*274 191. 1- P e connex . P» G J . 3 : E ! P‘P . 3 . P‘P, = t‘P‘P : 

~ E I P‘P . 3 .^‘P,= A [*27419] 

*274192. I- P € connex . P» C P . 3 : E ! P‘P . s . E I P‘P, [*274191] 

*274193. h .~B‘P, = t‘C‘P a (Cls induct - i‘A - 1) 

Dem. 

h. *274151. 3h;C'‘Pe Cls induct -t‘A-1.3.C‘Pe^‘P, (1) 

I- . *274'1617 . 3 h : 0‘P~ e(Cls induct — i‘A — 1) . 3 . C‘P'^e C‘P^ (2) 
I-. *27415 . 3 I- : 0 € Cl induct‘(7‘P — t‘A . a;6 (7‘P — o . 3 . (a w t‘a!)P,o (3) 


l-.(3). 


3 1- . Cl induct'C'P - i‘A - t‘C‘P C C'P, 


1- . (4) . Transp . *2741 .31-. P‘P, C (Cl induct‘(7‘P — t‘A) n i‘C‘P 

1- . (5) . *27416 . 3 1- .^‘P, C (Cls induct - t‘A - 1) a PC‘P 

1- . (1) . (2) . (6) . 3 1- . Prop 

*274194. 1- : O'P e Cls induct - t‘A - 1 . 3 . P‘P, = C‘P [*274193] 
*274196. 1- : 0‘P ~ e Cls induct . 3 . ~B*P^ = A [*274193] 

*274196. 1- : P e Ser . ~ E ! P‘P . 3 . D‘P, = C'P, 


(4) 

(5) 

( 6 ) 


Dem. 


h . *274-192 , 


31-:Hp.3.P‘P, = A (1) 

1- . *274-195-16 . *261-24 . 3 1- : Hp . 3 . ^‘P, = A (2) 

1- . (1) . (2) . 3 1- . Prop 

V./ V./ 

The following propositions give the proof of Peil . 3 . P, e fi (*274 22). 

*274-2. h : P € fi . /« C C‘P, . g ! /c . 3 . E ! Pm*/* • Pm‘* e minp“/c 
[*274-1-11 . *250-121 . (*274-02)] 


*274 201. 1- : /8 € Tp‘k . = . (ga) . a e /c . tninp'a = Pm'/e . = a — i‘Pm‘ic . g ! /3 
[(*2740.3)] 

*274-202. h : E ! P„‘/«: . 3 . E ! Tp‘k [(*274 03) . *14-21] 


*274 203. 1- :. Hp *274-2 . 3 : Tp‘ic = A . = . * a minp‘Pm‘/c = c‘i‘Pm‘ic 
Dem. 

I- . *274-2-202 . 3 

h::Hp.D:.rp^/«=A.= :~(aof,]8).ae/tf - = = • 3 1)8: 

[9|el3*191] =: o € yc A minp^P^^/c . Da • a — t^Pfnfc = A : 

[^It274*2] = : a e /c A minp^P^^A:s =» . a = L^Pinfc :: D H . Prop 
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*274-204. f- ; V C 0‘P, . k(Tp)^X . D . \ C C‘P„ 

Dem. 

h . *120-481 . *274-201 . 3 h : C Cls induct . E ! Tp‘k.O.Tp‘k C Cls induct (1) 
I- . *274-201 . 3 h : /e C C1‘(7‘P . E ! P/ic . D . Tp‘k C C1‘(7‘P - i‘A (2) 

h . (1) . (2) . *274-16 . 3 h ; « C C‘P, . E 1 Pp'* . D . Tp‘k C C‘P, (3) 

f- . (3) . Induct . D h . Prop 

*274-206. h : P € Ser . E I P„‘Pp‘\ . D . (P^'A) P (P«‘Pp‘A) 

Dem. 

h . *274-201 . *20.5-21 . D h : Hp . /9 e Pp'X . D . yS C P‘P™‘\ (1) 

h . *205-11 . (*274-02) . D h : Hp . D . P^'Pp'A e s‘Tp‘\ (2) 

h . (1) . (2) . D I- . Prop 

*274-206. h : Hp *274 205 . « (Tp)^\ . D . (P^V) P (P™‘Pp‘A) 

Pern. ’ 

h . *14 21 . (*274 02) . D h : E 1 PJTp ‘\ . D . E ! P„‘A (1) 

h . (1) . Induct . D h : Hp . 3 . E ! Pm‘/c (2) 

h . (2) . *274-205 . Induct . 3 h . Prop 


*274-207. h : P e n . (c (Pp)*A . PmX = maxp‘JHp‘« . 3 . 

~E!P„‘Pp‘\.rp‘X = A 


PCTW. 


I- . *274-205 . Transp OH; Hp . 3 . ~ E I P^Tp^X . 
[*274-204-2.Transp] 3 . Pp‘ \ = A : 3 ^ . Prop 


*274208. h:.Pen.KC0‘P,.aU.3; 

Ae{Tp)^‘K : (gX ) . K{Tp)^iiX.Xr% minp‘Pm‘\= i‘i‘Pm‘X . Tp‘X = A 

Dem. 

I- . *250-121 . 3 h : Hp . 3 . E ! maxp‘Jlfp‘« (1) 

I- . (1) . *274-207-203-204 . 3 h . Prop 


*274-21. l-:/S€Pp‘*.3./3ui‘Pm‘«e* [*274201] 


*274-211. t- : * (Pp)#X . /3 e \ . 3 . /3 V P«“Pp (/c i- X) e * 

Dem. 

1- . *274-21 . 3 I- Hp : /8«X . 3^ ./9 wP„“Pp(«t-X)€AC ; 3 : 

7«Pp‘X.3^.7oP„“Tp(*t-Pp‘X)e« (1) 

1- . *274-21 . (1) . Induct .31-. Prop 
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[part V 


«274'212. :P eil . kC G‘P^ . g ! k . D . Mp‘k e k 
Dem. 

1- . ♦274-208211 . D 

H : Hp. D .(a\)./c(3p),|f\. 2V‘\ = A . I'Pm'XeX . i‘POT‘^'^-Pm“Pp(«i— 
[*121-103] D . .(aX) . P^‘‘Tp (/c M X) 6 * . PJ‘Tp (* M X) = P„“(rpV« : 

D h . Prop 


*274-213. h : P e Ser . * C C‘P, .aeK.K (Pp)#X . P‘Pm‘X n Jlfp/c C a . D . 

a — (P‘Pm‘X A Jl/p‘/c) e X 

Dem. 

h . *274-201 . D t- : Hp . « = X . D . o - (P‘Pm‘^ a Afp'/c) = a . 

[*1312] D.a-(P‘P«‘XAil/p‘/e)e-«: (1) 

h . *274-206 . D 

h : . Hp : ;8 € « . P‘P„‘ X A il/p'/c C /3 . . yS - (P‘Pm‘ X A iWp'/r) e X : D : 

fiex. P‘Pm‘Tp‘\ A jl/p‘/c C /8 . D . P‘Pm‘X a Mp'/t C ;9 . P^'X 6 0 . 

- (P‘Pm*\ A Mp‘k)] € X . P™‘X e jy3 - (P‘Pm‘X a MpU)] . 
[*274-201] D . {/3- (P'P^'X a J»/p‘/c) - i‘P«‘X} e PPX . 

[*274-206] D . (;8 - (P‘PJTp‘ X a il/p‘*)) e Tp‘ X (2) 

h . (1) . (2) . Induct . D h . Prop 

*274-214. h ; P e n . K C C'P, . a e /r - t‘3fp‘-c . D . oP,(il/p‘«) 

Dem. 

h. *274-212. D h Hp . D ; ilfpVe Cls induct : '1) 

[*170-16] D:Jfp‘«Ca.3.aP,(il/p‘/r) (2) 

h . *27411 . (1) . 3 I- ; Hp . a I Mp‘k - a . D . E ! minp‘(iHp‘* - o) • 
[*205-14.(*27 4-04)] D . (aX) . k (Tp)^ X . Pm‘^ ~ e a . P‘Pm'>^ il/p‘/c C a . 

3 . (aX) . K (Pp)#X . Pm‘X ~ e a . a — (P‘Pm‘X a Afp'/r) e X . 


[*274-213] 

[*274-201] 

[*31-18] 

[*170-11] 


P‘PJ\f^Mp‘KCtx. 

3 . (aX, z) . K (Tp)^ \.z = minp‘{a — (P'P^'X a Mp‘k)} . 

zP (P„‘X) . P‘P™‘ X A Mp‘k C a . 
3 . (a^) -zea- Mp‘k . Mp‘k a P‘z C a . 

D.aP,{Mp‘K) (3) 


h.(2).(3).3h.Prop 


*274-216. h : P e n . * C a‘P, . a ! * . 3 . Mp‘k = max (P,)‘* [*274 212-214] 
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»274-22. l-;Pen.D.P,en 
Dem. 

V . *274-215 . D h : Hp . D . E !! max (P,)“C1 ex‘(7‘P, . 

[*250 125] D . P, 6 fl : D h . Prop 

The following propositions constitute the proof of 

Pew.D.P^e® (*274-25). 

*274*221. h : P € Ser . P'max/o e Cls induct . a e Cl induct'C'P — t‘A — i‘B*P . 

^ = (a- 6‘maxp^a) u P^maxp^a . 3 . aPi,^ 


Dem, 

V . *205*55 . D h : Hp . B^P e ct . D . g ! a — t^maxp'a 

h . *202*511 - 3 h : Hp . B^P 3 . P^P eP^maxp^a 

h . *93*101 . 3 h : Hp . ^ E ! B^P . 3 . 3 ! P^maxp^a 

h.(l).(2).(3).3h:Hp.3.a!)8 
h . *120*481*71 .31-: Hp .3.^6 Cls induct 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


h . *205*21 . *200*361 . 3 h : Hp . 3 . P a P^maxp^a = a a P^maxp^a (6) 

> . (4) . (5) . (6) - 3 h : Hp . 3 . a, y9 e Cl induct^C^P — . maxp^a £ a - /S . 

— * — ► 

a A P^max p^a = ^ a P^max p^a . 

[*274*12] 3.aP,^:31-.Prop 

*274*222. f“ : Hp *274*221 . aP ^7 . maxp^ct € 7 . 3 . i 8 P ,7 
Dem, 

— > — ► 

h . *274*12 .31-: Hp . 3 . (g-s:) .^ea - 7 . ^4" maxp^a . a a P^z=^yf\ P^z . 
[*201*14.*205*21.Hp] 3 . (g^^) . — 7 . ^ a P^z — yr\ P^z . 

[*274*12] 3 . / 3 P ,7 : 3 h . Prop 

*274*223. h : Hp *274*221 . aP ,7 . maxp^a e 7 . 7 4 = ) 8 . 3 . i 8 P ,7 
Dem, 

h . *274*12 .31-:. Hp . 3 : (g-?) . a — 7 - t^maxp^a . a a P^z — yrs P^z . v . 

a A P^maxp^a = 7 a P'maxp^a 


( 1 ) 

( 2 ) 


I-. #201-14. #205-21 .3 

— ► — ► 

h :. Hp : (g^:) . 2 : e a — 7 — i^maxp^a . a a P*^^ = 7 a P^z : 3 . i 8 P ,7 

— ► — ► 

h . # 205 - 21 . 3 h : Hp . a n P'maxp'a = 70 P‘maxp‘o . 3 . 

a — i‘raax/>‘« = 7 n P'niax pa (3) 

h . #202-101 .31-; Hp . 3 . 7 C P'maxPa u P<maxpa (4) 

1- . (3) . (4) . 31-:. Hp . a a P'maxp'a = 7 a P'maxp'a . 3 : 7 C /8 : 

[#170-16.(#274-01)] 3:7+^.3./3P,7 (5) 

h . (1) . ( 2) . (5) . 3 h . Prop 
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[part V 


#274-224. h:Hp*274-221.aP,7./S + 7.D./8P,7 [#274-222-223] 

#274-23. h:Hp #274-221. D.«(P,).y8 [*274-221-224 . #204-72] 

#27426. f-:Pe<».3.P, e«D 

Dm. 

I- . #274-22-16 . D h : Hp . D . P, 6 n - l‘A (1) 

1-. *27 4-191-17 .D 

I- : Hp . a € D‘P, . D . a € Cl induct‘C‘P - t‘A - t'D'P (2) 

h. #263-41 2. #274-11 .D 

I- : Hp . a e Cl iuduct'C'P — t‘A . D . P'max p‘a e Cls induct (3) 

I- . (2) . (3) . #274-23 . D I- : Hp . a e D‘P, . 3 . « e D‘(P,), (4) 

I- -(1) . (4) . *274-195 . *121-323 . D 
l-:Hp.3.P,€a-i‘A.D‘P, = D‘(P,)..~E!D‘P,. 

[#263-44] D . P, € w ; D h . Prop 

#274-26. h : P 6 6) . 3 . P|c t (Cls induct — t‘A) e a> . 

C‘P,c t (Cls induct - 1‘ A) = Cl induct‘0‘P - t‘A 

Bern. 

h . #274-13 . 3 I- : Q = P . 3 . P,c t(Cls induct - t‘A) = Q, (1) 

1-. #274-25. 3l-:P<a».Q = P. 3. Q,e« (2) 

I- . #274 17 . 3 I- ; P e o) . Q = P . 3 . C‘Q, = Cl induct‘C‘P - i‘A (3) 

1- . (1) . (2) . (3) . 3 I- . Prop 

#274 27. h : a 6 No . 3 . Cl induct'a e No . Cl induct'a — i‘A e No 
Bern. 

h . #263-101 . 3 1- : Hp . 3 . (gP) . P e ® . a = C‘P . 

[#27 4-26] 3 . (gJlf ). ilf e o) . Cl induct'a — 1‘ A = C*M . 

[#263-101] 3. Cl induct'a - PA e No. (1) 

[#123-4] 3 . Cl induct'a 6 No (2) 

h.(l).(2).3h.Prop 

The following propositions constitute the proof of 
Pea).3.P,e97 (#274-33). 

#274-3. H : P e Ser . aP,^ . a; e p‘P**{oi w ^) . 3 . aP,(;8 v» t'x) . (/9 w t'a;) P,^ 
Bern. 

H. #20053. 3 1- ; Hp . 0€a . 3 . /9 n P'^: = (/9 w t'a;) rt P'^r (1) 

I- . #200-5 . 3 h : Hp — i‘x) (2) 

I- . (1) . (2) . #27.4-12 . 3 h : Hp . 3 . aP,(/3 u i‘co) (3) 

h .#200-5 .#170-16 . 3 H : Hp . 3 . (/3 w t'®) P,/3 (4) 

1- . (3) . (4) . 3 1- . Prop 
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*274‘31. h : P e Ser . ~ E ! B‘P . 3 . P, e Ser r> comp 
Dem. 

h . #274’1 . #120'71 . D h : oP,)9 . D . a v j3 e Cls induct — i‘A 
h . (1) . *27411 . D t- : Hp . oP,/3 . D . E I maxp‘(a u /9) . 

[*93103] 3 • a ! P‘maxp‘(a w /3) • 

[*205-67] D.a!p‘P“(aw/3). 

[*274-3] D . 

Prop 

~ E I B‘P . D 


*274-32. I- 

Dem. 


h . (2) . *274-18 . 3 h , 
P e Ser a C“No . 


P,ei, 


h . *274-31 . D h : Hp . D . P, e Ser a comp 

h . *274-196 . D h ; Hp . D . D‘P, = H'P, 


( 1 ) 


( 2 ) 


( 1 ) 

( 2 ) 

(3) 


h . *274-27-17 . D I- : Hp . D . 0‘P, e N,, 

I- . (1) . (2) . (3) . *273-1 . D h . Prop 

*274-33. h:P€o..D.P,e7; [*274 32 . *263101 11-22] 

This is the principal proposition of the present number. 

*274-34. KzaeKo.D.al’?'' f7‘(Cl induct'o — i‘A) 

Dem. 

V . *263-101 . D I- : Hp . D . (aP) .Pea>.G‘P=a. 

[*274-33-1 7] D . (a^) • Met) , C‘M= Cl induct ‘a — t‘A : D h . Prop 

The following propositions are concerned with the existence-theorem 
for They all follow from *274-33. 

*274-4. 1- : Peo> . T = i‘P smor {Pj^ ^ (Clsinduct — t‘A)l .D.2’>P,e»7A(7‘C‘P 

Dem. 

I- . *274 26-17 . D 1- ; Hp . D . Q'P = C‘P, (1) 

1- . (1) . *151-11-131 . D h : Hp . D . TiP., smor P, . C'PJP, = C‘P . 
[*274-33.*273-41] D . PJP, € v • C‘P»P, = C‘P : 3 h . Prop 

*274-41. I- : a 1 ® . = . g ! A t‘P 

Dem. 

h. *274-4. Dt-:Qe® A<‘P.D.(aP).Pe97.C'‘P = (7‘Q. 

[*64-24] D . g ! »; A t‘P (1) 

h . *273-11 . 3 I- : P e 17 A <‘P . D . (gQ) .Qea>.C*Q = G^R . 

[*64 24] 3 . a ! ei> A t‘P (2) 

1- . (1) . (2) . 3 h . Prop 

*274-42. h ;aeK„.3.g!i7A^‘a [*274 4-26 . *26317 . *250 6 . *263101] 

*274-43. !-.«. = C“i7 [*273-1 . *27442] 

*274-44. 1- : g I t<o A <‘a . = . g ! »7 A [*263131 . *274 41] 

*274-46. h:g!K„(a;). = .glv<-'<”‘«’ [*263-13 . *274-41] 

*274-46. 1- : Infin ax (a;) . = . g ! 77 a [*263132 . *274 41] 
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^►276. CONTINUOUS SERIES. 


Summary of 91^275. 

The definition of continuity to be given in this number is due to Cantor. 
A different and not equivalent definition was given by Dedekind: series 
which are continuous in Cantors sense are also continuous in Dedekind’s 
sen^e, but not vice versa. Cantor’s definition has the advantage (among 
others) that two series which are continuous in his sense are ordinally 
similar, which is not necessarily the ease with series that are continuous in 
Dedekind’s sense. Dedekind’s definition of continuous series” is, in our 
language, “ series which are compact and Dedekindian.” Cantor s definition 
(after a certain amount of simplification) is ‘‘ series which are Dedekindian 
and contain an K as a median class.” In the case of the real numbers, the 
rationale are a median class of this sort. 

An equivalent definition to the above is that a continuous series is a 
Dedekindian series whose converse domain is the derivative of a contained 
rational series (9|e275’13). 

Following Cantor, we shall use 0 for the class of continuous series. 

In what follows, we prove first that the series of segments of a rational 
series is a continuous series, i,e, 

9^276*21. hzPeiy.D.s^Pe^ 

The contained No is F^^C^P. The proposition follows at once from 
*271‘31. On its importance, see remarks on *275’21 below. 

From this proposition, it follows that if rj exists in any type, 0 exists in 
the next type (275*22), whence the existence of 0 in sufficiently high types 
follows from the axiom of infinity (*276*25). 

To prove that any two continuous series are similar, we use *271*39. By 
the definition, if P and Q are continuous, they contain respectively two 
median classes a and such that P ^ a and Q ^ ^ are rational series. Hence 
by *273*4, P^asmorQ^^, and therefore PsmorQ, by *271*39. Also 
obviously P e0 *P smor Q . D • Q e Hence 

*276*32. l“:P€tf.3.^*Nr^P 

and 

*276*33. h.^eNR 
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*276*01. 6 = Ser a Ded a med“No Df 


*276*1. V tP e$ . = .Pe Ser a Ded . ! No o med'P 

[(*276*01)] 

*276*11. V i.P e6 , = iP e Ser a Ded : (go) . o e Mo • = d'P • « C (7‘P 

[*276*1. *27 1*2] 

*276*12. h::Pe0. = ;.Pe Ser a Ded (go) : o e Mo : 

xPy . .g!0AP(ar — y);aC C‘P [*276*1 . *271*1] 

*276*13. h P € ^ : P e Ser A Ded : (gP) .RGP.Bev. Bp‘C*R = Q'P 
Dem. 

h. *273*1. *271*2. D 

f-:PeSerADed.PCP.P€97.8p‘C‘P = a‘P.D.O‘PeMo.C‘Pei^d‘P. 


[*276*1] D.Pe^ (1) 

. *271*16 . 3 h : o med P . /8 = o a D‘P a Q'P . D . /8 med P . (2) 

[*271*16] D.PP/Secomp (3) 

V . *123*17 . D f* : Hp (2) . P € Ser . o 6 M« A C1‘0‘P . D . P e Mo a C1‘C‘P (4) 
H. *271*1. DI-:/3medP.D.P“/3 = D‘P.P“^ = a‘P (5) 

>-.(o).*37*41.(2). DI-:Hp(2).D.D‘(P^/3) = /8.a‘(PD/8) = /8 (6) 

h . (3) . (4) . (6) . *273*1 . D h : Hp (4) . 3 . P ^ /9 e (7) 
I- . (2) . *271*2 . D h : Hp (4) . 3 . Sp‘(7‘(P ^ /S) = Q'P (8) 


h.(7).(8).*276*1.3l-:P€«.3.(g/3).P^/9eii.Sp‘C7‘(PC/3) = (I‘P (9) 
h.(l).(9).3l-.Prop 

*276*14. t-.^ = Cnv“^ 

Dem. 

h . *214*14 . *27 1*11 . 3 H : P € Ser a Ded . o e Mo a med‘P . = . 

PcSer A Ded . oeMo A med‘P (1) 

I- . (1) . *275*1 .31-. Prop 


*276*2. h : P 6 1 , . 3 . s‘P € Ser A Ded . P“(7‘P e M, . P^O'P e med's'P 
Dem. 

h. *214*33. 3H:Hp.3.s‘P6SerADed (1) 

I- . *204*36 . 3 h : Hp . 3 . P“a‘P sm C‘P . 

[*273*1.*123*321] 3.P“C7‘PeMo (2) 

h . *271*31 . *273*1 . 3 I- ; Hp . 3 . P“(7‘P e med‘s‘P (3) 

f-.(l).(2).(3).3h.Prop 
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9|t276-21. f- : P € 7; . D . ^ [*275*21] 

This proposition is of great importance, particularly in the theory of real 
numbers. We shall define the real numbers as segments of the series of 
rational numbers, in order to be sure of their existence. Thus if P is the 
series of rational numbers, s^Pi which may be taken to be the series of real 
numbers, is continuous. If P is the series of rational proper fractions, 
excluding 0, ?^P is the series of real proper fractions together with 0 and 1 : 
this series is continuous in virtue of the above proposition. 

The above proposition is also useful as enabling us to deduce the existence 
of d from that of r), and thence from that of Ko, and thence firom the axiom 
of infinity. A rise of type is, however, required for the existence-theorems, 
which are given in the following propositions. 

*275*22. I- : a ! 9; A . D . g ! 0 a 
Dem, 

h . *64*55 . D h : a ! 77 A . D . (a-P) • P € 17 - C^P C . 

[*63*371] 3 . (aP) .Perj.G^Pet^a. 

[*275*21] D . (aQ) .QeO.C^QCt^a. 

[*64*57] D . a I ^ : 3 h . Prop 

*276*23. f- : a ! No A . 3 . a J ^ ^ [*274*44 . *275*22] 

*276*24. h : a ! No (^) . 3 . a S ^ [*275*23 . *64*31*312 . (*65*02)] 

*276*25. h : Infin ax (re) . 3 . a 1 ^ ^ 

Dem, , 

h . *123*37 . 3 h : Hp . 3 . a 1 No(e*^a?) . 

[*275*24] 3.al^^ 

[*64'312] 3 . a 1 ^ : 3 h - Prop 

*276*3. h : P, Q € 0 . 3 . P smor Q 
Dem. 

h . *275*13 . 3 H Hp • 3 : P, Q e Ser a Ded : 

(^R,S).R,S€vR(^P*S(LQ.C^Re^d^P.C‘8e^d‘Q: 
[*204*41] 3 : P, Q € Ser a Ded : (a®, )8) • « med P . ^ med Q.P^a, Q^) 8e77: 
[*273*4] 3 iPyQeSer a Ded :(a«,)8). amed P. ^med Q.(P ^ a)smor (Q ^ 
[*271*39] 3 : P smor Q 3 h . Prop 


*276*31. h:P ed.P smor Q . D . Qe 0 
Dem. 

I- . *271'4 . D h : P smor Q . g ! N. med‘P . 3 . g ! K, n med‘Q 
h . *204'21 . #2146 . D h : P e Ser f\ Ded . P smor Q."^ .Qe Ser « Ded 
h . (1) . (2) . *2751 . D h . Prop 


*276-32. h ; P € 0 . D . d = Nr‘P [*275-3-31] 
*276-33. h . 0 € NR [*275 32 . *256 54] 


( 1 ) 

( 2 ) 



#276. ON SERIES OF INFINITE SUB-CLASSES OF A SERIES. 
Summary of #276. 

The subject of the present number bears the same relation to 0 as that of 
#274 bears to 17 . We shall consider, in the present number, the arrangement 
of all the infinite sub-classes of a series (together with A) by the principle of 
first differences, i.e. the relation 

Pci D (~ induct u t^A), 

where P is the given series. This relation we will call P^. It consists 
of Pci with its field limited to terms not belonging to C^P,, (#276*12). It 

will (under a certain hypothesis) contain a part similar to P,, namely Pd 
with its field limited to complements of finite sub-classes of (7^P. Hence 
if P e o), Pfl will contain an 1 ;, whose field is composed of the complements 
of members of C^P,, (#276*2), The field of this 7 ; will be a median class of P^. 
We shall find, also, that P^ e Ser, if Pell (#27614), and P^eDed, if Pellinfin 
(#276*4). Hence 

#27641. h:Pea).D.P<,6 0 

Also, since Pea).D-Cl^(7^P€2^®, and since (7‘P,,eNo, we shall have C^P®62^** 
(#276*42). This result is important, since it gives the proposition 

#276*43. h . = 2^ 

The proof that P^ is Dedekindian if P is an infinite well-ordered series 
is somewhat complicated. We proceed by proving that every sub-class of 
has a lower limit or a minimum. In this proof, we observe first of all 

that 

(7‘P = P^P,.A=:P^P, (#276*121). 

Hence C*P is the lower limit of the null-class, and A is the minimum of t*A ; 
also if K is any existent sub-class of C^P^, other than PAy we have 

limin {P^^ic = limin {PeY^fc — t^A). 

Hence if we can prove 

K C C*P 0 •' 3,1 fc . A<^ 6 ^ . Dk . E ! limin (P$y/c (A), 

Clex^(7^P,Ca‘limin(P,), 


we shall have 
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whence, by ^214*12*1 4, we shall have P® e Ded. Thus we have to prove (A), 
#cCD'P 0 .g!«.D,(.E!limin(P^y^r, which is *276*89. To prove this 
proposition, consider minp'(s'A: — p'/e). This exists unless kcI; it is the 
first term which belongs to some members of k but not to others. Those 
members of tc to which it belongs precede (in the order Pe) those to which it 

does not belong. Let us call those to which it belongs Tp^/e, so that 

Tp = lc \ {\ = n €^minp^(s^/c — p^k)]. 

Put also Pm^'^ = minp*(«'ic — p^k) Dft, 

SO that we may put Tp^k — Kr\ e^Pm^K Dft. 

Then if we put A = if X (X C /e . \ ^ 2p and A fulfil the hypotheses of *258, 

and we have 

A(Tp,K)€n. 

The series A (Tp, k) proceeds to smaller and smaller sub-classes of /c, of which 
any one, say X, consists of terms which come earlier (in the order Pg) than 
any other sub-class of k not belonging to X. By *258 231, the series A {Tp, k) 
has an end, namely 

p\Tp^AyK. 

If this is not null, it must consist of a single term, which will be the minimum 
of K (*276*33). But if it is null, we proceed as follows. Put 

Pi\tc = 8^^ {(gX) . X € {Tp^A YK.y^ p^\ A 'P^Pn.^X] Dft. 

Then Piik will be the lower limit of k. 


In the first place, we easily prove that, since p*{Tp^AyK = A, if 

Xe(rp*A)^/c — e^A, 

Pm^X and Tp^X both exist (*276*341). Hence every member of k has 
predecessors in k, and k has no minimum. In the second place, we show 
that 

X { A (Tp, /c)} /. . a ! . D . (PJX) P {PJfi) (*276-34*342), 

and that aeX.O.p^X nP^Pm'X « a rUp^Pm^X (*276*363). 

Hence we find that 

X [A {Tp, ir)} /X . a € /i . D . p^X a P^P^^X == p^/x a P^P^^X == a a P^P^^X . 

D . p^X A P^Prn^X C p V ^ P^PmP^ • 

(PV nlp^Pm^p) nP^PjX = p^X A 'P^Pjp, 

whence it follows that 

X € {Tp^AYfC - t^A . D . p‘X rslp^Pm^X = Pu^a: 
whence, by what was stated above, 

X € (Tp^Ay^ . a € X . D . a A P‘P„*‘X * P^^k a "P^PJX (*276*364). 
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Again, if atK, the product of all the members of (TpIuAYk to which a 
belongs is a member of (Tp«A)'k to which a belongs, but if we call this 

V/ 

product X, Pm'X^ca (because, if F^^Xea, ec€Tp% which is contrary to the 
definition of X). Hence we have 

aej€.0.(Pti^x)P^a (*276*36). 

It only remains to prove 

(P^i^k) Pefi.D. (aa) . a € . aPe/3 (*276*37). 

By the hypothesis, and the definition of Pn^fc, we have 

X) . X € {Tp^AYk . Z € p^\ A P^PmfX — )8 . Pti/C A P^Z = ^8 A P^Z, 

Since this involves E ! Pfn\ it involves X 4= A, hence, by what was stated 
above, it involves 

(a^, a) . X e {Tp’HiAyK .ae\.z€af\ — /8 • P\,\>t « P‘^ = /8 n P*z. 

— ► — > 

Hence we obtain /8 a P‘z C PaK a P'P^'X, 

and Pu‘/eAP‘P«‘X = aAP‘P„‘X, 

— > 

whence y3 a P‘z C a. 


Hence, by #17011, we have aP^fi. 

This completes the proof of Pu'ac = tl (P»)‘« (*276‘38). Hence, combining 
the two cases, we find that * has a minimum if g !p‘(2’p»A)‘/ic, and a lower 
limit if ~a ! p‘(Pp*A)'/e. Hence E I limin (P,)‘«, in either case (*276’39). 

This completes the proof of Pj e Ded if P e fl infin. 


*276 01. P» = Pci D (“ Cls induct w i‘A) Df 
*276 02. A = S^(/3Ca./3 + a) Dft [*276] 

*27603. Pm^\ = mmp‘(8‘\-p‘\) Dft [*276] 

*27604. Pp = x;*{/i = XA^P„‘X) Dft [*276] 

*27606. Pu‘* = s‘-?((aX).Xe(Pp*il)‘/«-i‘A. 7 =p‘XAP‘P„‘X} Da[*276] 

*276-1. h : aPtfi . = . a, y3 e (Cl‘0‘P- Cls induct) w i‘A . g ! a - ^ - P“(^ - a) 
[*1701. (*27601)] 

*276-11. 1- :: P e n . D aP,i8 . = : a, yS e (C1‘C‘P - Cls induct) w t‘A : 

(a^) . a € a - ;8 . a A P‘A = /8 A P‘^ [*251-36 . (*276 01)] 
*276-12. l-:(7‘P~el.3.P,-Pc,D(-<?‘A) [*27417 .*276 1 .*170 1] 
*276-121. 1- : C*P ~ e Cls induct . 3 . 

S‘P, = A . P‘P, = (7‘P . C‘P$ = (C1‘C‘P - Cls induct) « t‘A 
[*170-31-32-38 . (*276-01)] 
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*276-122. I- : C‘P~e 0 w 1 . D . C‘P, u (7‘P» = C1‘0‘P [*276-121 . *27417] 
*276-123. 1- : (?‘P~e Cls induct . h . g ! P» [*2761121] 

*27613. h : C'P^c 0 w 1 . D . Nc'C'P, +, Nc‘C"P« = 2 N«‘C-p 
[*276-122. *116-72] 

*276-14. hiPefl.D.P^eSer [*251-36 . (*276-01)] 

*276-2. h:Pew.D.(C‘P-)“(Clinduct‘C‘P-t‘A)eN„nTiii^‘P<, 

Dem. 

V . *24-492 . D h . ((7‘P— )“(C1 induct‘(7‘P— t‘A) sm (Cl induct'C'P — t‘A) (1) 
H . (1) . *274-27 . 3 1- : Hp . D . (C‘P -)“(C1 inducfC'P - t‘A) e N„ (2) 

t- . *200-361 . *263-47 . D 

I- : Hp . aP,^ . ^ e a - /3 . a A P‘^ = ;8 n P‘z . 7 = (a n P^‘z) u P‘min p\ol nP‘z). 

^ D . minp^(a n P^z) € a — y .ar\ P^minpHa a = 7 n P*minp^(a n P^^:) . 

zey — ^ .y f\ P‘z = a a P‘z — 0 a P‘^ . 7~eCls induct . 

[*276-11] D.ttPey.yP00 (3) 

1- . *263-47 . D h : Hp (3) . 3 . C*P — ye Cls induct (4) 

1-. (3). (4). *276-11.3 

I- : Hp . oPo/S . 3 . (37) . 0‘P — 7 e Cls induct . aPey . yPe0 (5) 

h . *120-71 . Transp . 3 

t- : Hp . a e Cl induct‘C‘P — t‘A . 3 . (O'P — a)~e Cls induct (6) 

h . (6) . *276-121 . 3 h : Hp . 3 . {C‘P -)“(C1 induct‘(7‘P - i‘A) C C‘P, (7) 
1 - . (2) . (5) . *271-1 . (7) . 3 h . Prop 

The following propositions constitute the proof of 
P e H infin . 3 . P* e Ded (*27 6 4). 

*2763. H :. ElP^'X . 3 : ae 7y\. = .ae\.P,„‘\ea;Pm‘X.= minp‘(s‘\ — p‘X) 
[(*276-0304)] 

*276-301. I- : Pe n . X C Cl'C^P - i‘A . X~e0 w 1 . 3 . E ! P,„‘X . E ! T/X 
Dem. 

h . *40-12-13 . 3l-;.p‘X = s‘X.3:a./36X.3..p.a = i8 (1) 

h . (1) . Transp . *40-23 .31-; Hp . 3 . g ! s‘k —p‘K . 

[*250-121] 3 . E ! minp‘(s‘* — p‘/c) ; 3 I- . Prop 

*276-302. h : E ! P,„‘X . 3 . P^'X e p‘iyx - p‘X [*276 3] 

*276-303. \-.Tp(i A. (2V),k, G A 
Dem. 

h. *276-3. 31-;pPpX.3.pCX (1) 

h.*276-302.31-:/tPpX.3.p + X (2) 

1- . (1) . (2) . *201-18 . 3 h . Prop 
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«276'304. I- ; (TV,*)} \ . D ./* C \ M + 

[#276-302-303] 

*276-306. [*258-201 . *276-303] 

*276-31. hiPen.alX.XCCl'C'P-t'A.X^eD'rp.D. 

X e 1 . s‘\ = p‘X = t‘X [*276301 . TranspJ 

*276-32. ht.Pefl.X^eOwl.XCD'Ps.D: 

Pm‘X e p‘Tp‘\ — p‘X:0€X.Da-“<^ P‘Pm‘^ = p‘^ P‘Fm‘^ 

Pern. 

h. *276-301. Dh;Hp.D.E!Tp‘X.E!P„‘X. (1) 

[*276-302] D . P™‘X e p‘2V‘X - p‘X (2) 

I- . (1) . *276-3 . D I- : Hp . D . P‘P„‘X a s‘X = P‘PJX a p‘X (3) 

h . (2) . (3) . D I- . Prop 

*276-321-. h ; Hp *276 32 . a e Pp‘X . /9 e X - Pp‘X . D . aPe/3 
Dem. 

h . *276-3 32 . D h : Hp . D . P„‘X ea-$.a a P‘P„‘X = /3 a P‘P^‘X . 
[*276-11] D . aPsyS : D H . Prop 

*276322. h : Hp *276-32 . fi e (Tp*Ay\ .aep.ySeX — p.D. aP^/S 
Bern. 

h .*4023. 3 h :.pC(Pp*A)‘X. g ! p : p ep . aep. . yS eX — p. . Dp,«,p . aP,;8 : D; 

aep‘p.)3€X-p‘p.Da,p.aP»/8 (1) 

I- . (1) . *276-321 . *258-241 .31-. Prop 

*276-33. h : Hp*276-32 . g ! p‘(2i>#^)‘X . 3 .'i‘p‘(Pp*A)‘X = min (P,)‘X 
Bern. 

h . *276-31 . *258-231 . 3 h : Hp . 3 . p‘(Pp* A)‘X el (1 ) 

h.(l). *276-322. 3l-:Hp.a€X-p‘(Pp*A)‘X.3.('t‘p‘(rp*A)‘X}P,a (2) 

h . (1) . (2) . 3 h . Prop 

*276-331. H : Hp *276 32 . g ! p‘(Tp*Ay \ . 3 . E I min (P,)‘X [*276 33] 

*276-34. I- : Hp *276 32 . pTpX . p e D‘Pp . 3 . (P„‘X) P (P^V) 

Bern. 

h.*276-3. 3 h : Hp . 3 . Pto'X = minp‘(s‘X — p‘X) (1) 

h . *27 6-3-304 .31-: Hp . 3 . Pm‘p « (s‘X — p‘X) (2) 

h . *27 6-302 . 3 h : Hp . 3 . Pm‘X e p‘fi , Pm.‘p e p‘p . 

[*13-12] 3.P»‘X + P„V (3) 

I- . (1) . (2) . (3) . 3 I- . Prop 
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»276-341. I- Hp »276-32 . p\Tp*A )‘X = A . D : 

Pm"{Tp*Ay \ C P“P„‘\Tp*Ay \ . P„“(2’p*A)‘X ~ e Cls induct : 

p e (Tp*A )‘X - t‘A . . E ! Tp‘p . E ! P„ V 

Dem. 

y . *258-231 . *276-301 . D 

h Hp . D : pe{Tp*Ayx - iY(Tp*Ay \ . D . E ! Tp‘p . E ! P„V : 
[*276-34.Hp] D:p€ (Tp*A )‘X . E ! PJp . D . (P„V) P (P,Ap) (1) 
h . (1) . *26126 . Transp . D h . Prop 

*276-342. y : Hp *276 341 . X [A {Tp , «)} ^ . E ! P^‘p . D . (PJ\) P iP„,‘p) 
Dem. 

y . *276-3 . 3 

y Hp :pC(rp*A)‘« . a ! p - a lp‘p : 3 1. Pm‘p‘p e s‘p‘p — p‘p‘p 
[*40111] 3 (aa) . a ep'p . Pm‘p‘p e a : (ao) . oiep‘p . Pm‘p‘p ~ e a 

[*401 .*11-26] 3 : . X € p . 3^ : (a®) . a e X . Pm‘p‘p e a : (a®) . « e X . Pm‘p‘p ~ 
[*40-1-11] 3;.Xep.3^.P„yp€(s‘X-p‘X) (1) 

I- . (1) . *276-302 . 3 h Hp (1) . 3 : 

Tp‘\ € p . X € p . 3x . Pm‘X. e p‘Tp‘\ . Pm‘p‘p ~ « p*Tp‘\ : 
[*13-12] 3 : f p‘X 6 p . X € p . 3x . P„‘X + P„‘p‘p (2) 

h . (1) . (2) . *276-3 . 3 1- ; Hp (1) . Tp<\ e p . X e p . 3 . (P„‘X) P (Pm^p) (3) 
h . (3) . *276-34 . *2.58-241 . 3 h . Prop 

*276-35. I- P e n , A C D‘P, . a ! /c . p‘(Tp*A)‘/c = A . 3 : 

X e (Pp* A)‘/r - t‘A . 3 . P„‘X e p‘Pp‘X n P‘P„‘Pp‘X 

Dem. 

y . *276-341 . 3 I- : Hp . X € (Pp*A)‘/r - t‘A . 3 . E ! P/X . 

[*276-302-34] 3 . P,„‘X e p‘Pp‘X a P‘P„‘Pp‘X : 3 h . Prop 

*276-361. y : Hp*276-35 . 3 . P«“(Pp*A)‘« C Pt,‘/e 
Dem. 

h. *276-3. 3h.~E!P„‘A (1) 

y . *276-35 . (*276-05) . 3 1- : Hp . X e (P p*A)‘a - t‘A . 3 . P„‘X e Pu‘« (2) 
I- . (1) . (2) . 3 f- . Prop 

*276-362. I- : Hp *276-35 . 3 . Pu'ac ~ e Cls induct [*276-351-341] 

*276-363. y : Hp *276-35 . X e (Tp*AyK . X {A (Pp, «)} ^ . a e /* . 3 . 

p‘\ f\ P‘Pm‘^ = pV P‘Pm‘^ = a r> P‘Pm‘\ 

Dem. 

h. *276-304 . 31-;Hp.3.a€X (1) 

I- . *276 35-31 . Transp .31-: Hp • 3 . E ! Pm‘^ . X ~ e 0 w 1 (2) 

l-.(l). (2). *276-32. 3I-: Hp.3-.jj‘XrtP'P„,‘X = aAP‘P„‘X (3) 
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I" . (3) . D h Hp . 3 : . a n P‘P„*\ = 0 n P‘P„‘\ (4) 

h . (4) . D h ; Hp . D . a n P‘P„‘A = p‘fi r\ P‘P„‘\ (5) 

h . (3) . (5) . D h . Prop 

*276'364. I- : Hp *276 35 . \ e (Tp*Ayfc . a e \ . D . 

Py'/c n P‘P,„‘X. = n P‘Pm‘X = a A P'P^'X 

Dem. 

J- . *276-353 . D h ; Hp . g ! /t . \ {4 (Pp, *)) /i . D . 

p‘fi A 7^‘P„‘X = jo‘X A P‘P„‘X . 

t*22-47] D . (i> V A P‘P„ V) « C j?‘X A ^‘P„‘X (1 ) 

h . *276*353 . D I" ; Hp • p\A {Tp,k)\ X . D .pV a P'P^'/it = p‘X a P‘P„‘p 

[*276-342] C;)‘XaP‘P„‘X (2) 

h . (1) . (2) . *276-305 . D 

h : Hp . /i 6 (Pp*^)‘/e - t‘A . 3 .(pV«^‘-PmV) C p‘X a P'P„‘X (3) 

h . (3) . *276-32 . (*276-05) . D f . Prop 

*276*356. h : Hp *276*35 . a 6 « . 3 . (gX) . X e (Pp*A)‘* . a e X . Pm‘X ~ e o 
Dem. 

I- .*40-1 . 3 h Hp . 3 : (gX) . X6 (Pp*21)‘k . a~ eX : 

[*276*305] 3 : (gX) ; X€(Pp*A.)‘/c . a~eX : /ii {J. (Pp, *)} X . 3^ . ae/t (1) 

I- . *40*1 . 3 I- /t (A {Tp, «)} X . 3^. ae/i : X=p^A {Tp.kYX ; 3 . aeX (2) 
h . (1) . (2) . Tranep . 3 

^ ■ ^^P “ ^ A^) " ^ ^ p*.A )^/C • X ^ P p^ p. • 0( 6 /I • OC 6 X • 

[*276*3] 3 . (g/i) ./*€(Pp*A)‘/e . ae/i . Pm‘p'^ eai 3 h . Prop 

*276-36. I- : Hp *276*35 .aex.D. (Pu‘«) P«a 
Dem. • 

l-.*276-351-355-354.3 

h : Hp . 3 . (gX) . \ e (Pp* A)‘« . P„‘XePu‘/< — a . Pu'^aP'P^'X = a a P‘P„‘X . 
[*276-352] 3 . (Pu'/c) P,a : 3 h . Prop 

*276-361. h : Hp *276*35 . 3 . /c C P/PhV [*276*36] 

*276*37. h : Hp *276*35 . (Pu‘*) P,/9 . 3 . (ga) . a e * . aP.^S 
Dem. 

h . *276-11 . 3 h : Hp . 3 . (ge) . .e e Pu‘/c - /3 . Pu‘* a P'^r = /3 a P‘ir . 

[(*276*05 )] 3 . (g.e, X) . X € (Pp* A )‘« . e € |)‘X a P‘P„‘X - /3 . 

Ptl‘* A P‘Z = /S A P‘i! . 

[*27 6*354] 3 . (ge, X, a) . X e (Tp^AYk .aeX.zea, — ^ . 

'P‘z C P‘P„‘X . a n,'p*P„‘X = /3 A P‘P«,‘X . 
— > 

[Fact.*276*304] 3 . (ge, a) . asK • ^ea — ^ ^ n P‘z C a . 

[*170*11] 3 . (na) • « € « . aP*/3 ; 3 h . Prop 
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*276-38. h : P e n . K C D‘P, . g ! « . j9‘(rp* vl )‘* = A . D . Pt,‘/e = tl (P,)‘* 
[♦276-361-37] 

#276-381. I- : P e ft . AC C D‘P, . g ! ac . p‘(Pp# A )‘ac = A . D . E ! tl (P,)‘ac 
[*276-38] 

*276-39. t-': P 6 ft . AC C D‘P, . g ! ac . D . E ! Hmin (P,)‘ac [*276-331-381] 

in the following proposition, the only reason why P has to be infinite is 
in order that P, may exist ; for “ Ded ” was so defined as to exclude A. 

*276-4. I- : P 6 ft infin . D . P# e Ded 
Dent. 

I-. *276-121. *207-3. *206-18. DI-:Hp. D. limiup'A = C‘P. limin/.‘t‘A = A (1) 
h . *206-7 . D h : Hp . ac C (7‘P* . A e ac . ac =j= t‘A . D . 

prec (P«)‘/e = prec (Pg)‘(Ac — t‘A) (2) 
I- . *206-192 . D I- : Hp (2) . D . min {P^‘k = min {P^‘{k — i‘A) (3) 

h . (2) . (3) . D h ; Hp(2) . 3 . limin (P»)‘ac = limin (P«)‘(ac — l‘A ) . 

[*276-39] D . E ! limin (P,)‘ac (4) 

1- . (1) . (4) . *276-39 . 3 h :. Hp . 3 : « C C‘P, . 3, . E ! limin (P<,)‘ac : 
[*214-12-14] 3 ; P« e Ded :. 3 i- . Prop 

*276-41. h;P€®.3.P,e^ [*2762-^14 . *2751] 

*276-42. I- : P € o) . 3 . C?'P, e 2K» 

Dem. 

t- . *276-13 . *274-27 . 3 h : Hp . 3 . Nc'O'P, +, N. = 2‘<« (1) 

h . *276-2 . 3 h : Hp . 3 . (g/i) . Nc‘0‘P, = /*+,«,. 

[*123-421] 3 . Nc‘(7‘Pe +0 No = Nc'^'P, (2) 

h . (1) . (2) . 3 h . Prop 

*276-43. h. (?“<?= 2«« 

Dem. 

h . *276-42-41 .3l-!gl®.3.g! C“0 n 2K. . 
[*100-42.*276-33.*162-71] 3 . 0“^ = 2«» (1) 

1-. *276-11. *263-101. 31- ;<» = A.3.^ = A (2) 

I- . *263-101 . *116-204 . 3 1- ; w = A . 3 . 2»> = A (3) 

l-.(2).(3). 31-:® = A.3.C'“^ = 2K» (4) 

I- . (1) . (4) . 3 I- . Prop 

The propositions proved in the present number are capable of being to 
some extent generalized. Also we can prove 

\r , 0 = (<0 exp,. ®) -i- 1. 
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For this purpose, we prove first that if P, Q are well-ordered series, is 
Dedekindian (except that if <-0 E ! has no last term) ; i.e, we prove 

P,Q€ft .D;XCO^/^.a!\.DA.E!limm(P«)^\. 

For this purpose, assuming X C C^P^ • 3 1 X, put 
Q^^X = mmq^^ {s*Vy e 0 w 1), 

Tp^\ = X n {M^Qm^\= minpM^X^Q^^X}, 

A = X^ (fjL C \ ^ X), 

iPQYX = {(a/i) . /a e {Tp*Ay\ . N = (pV) r'Q'Q^V}. 

We can then show, by steps closely analogous to those in the proof of P^eDed, 
that we have 

a ! p\Tp^Ay \ . D . i^p\Tp^Ay\ = min {P^y\, 

‘^a lp%Tp*Ay\ . D . (PQ)^X = prec (P^)% 
whence, in either case, E ! limin (P^)^\. 

Hence we have 

h:P,Q£ft.E!P^PO.P<?€Ded, 
h : P, Q € il. <^El B^P.Zr^eC^P^ .0 .P^^ZeDeA 
We have therefore h . (g) exp,. a)) + 1 C Ded. 

We now have to prove 

• . — ^ 

Q € (o) expy «) + 1 . D . a J med^Q. 

For this purpose, it will be su65cient to prove 

P € G) . D - a J med^(P^). 

The No in question will be the clfitss of those members of C\P^) in which, 
from a certain point onward, the correlate of every member of C^P is B^P. 
We have 


M (P^) N. = :M,Ne (C^P t G^P)^^C/P : 

(a^) . .r € C/P . M^Ip^x = N \P^x . (M^x) P (N^x). 

Now consider the relation 


L — M 3 / i P/^ ^ (t'B^P) I P^Pyx, 

where {M^P^x) Py, 

Then M{P^) L . L (P^) N. Also L has B^P for the correlate of every term 

V/ 

after P/a?. Hence it is determined by the correlates of the tertas up to and 

including P/a?. Thus, putting z^P^x, we have to consider the class of 
relations 

i(a^) . ^ e a^p . A € 1 -> cis , a^x = p^^^ . d^z c c^p}. 
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If X efi^ XK$ ^ P^maxp^Q'JSr is a member of C^P^. We have there- 

fore only to show that /a e No* 

To show that /icNo, we observe that if Xe/4, D^X and (PX are both 
inductive classes; hence each has a maximum. Let X and X* be two 
members of /i, and let us put 

X = maxp^D'X . of =« maxp^D^X' . y = maxp^Q^X . y' = maxp^Q^X'. 

If x=^fip and y=^vpy put a7+py = (/aH-oi')p. Then put X before X' if 
{x •\‘py)P{xf +py')> or if ^ +py = x 4-py' - yPy'. But if x -^-py = +py' and 
y — y', i.e. if x^x\y^y\ take the immediate predecessors of x, y, x\ y' in 
D^X, PX, D'X', Q^X' respectively, and apply the same tests to them, and 
so on, until we come to a difference. In this way, we obtain an arrangement 
by last differences (in a slightly extended sense), and this arrangement is 
easily shown to be an w. Hence e No. Hence the class 

= 7 {(a^) . X € /£ . 7 = X c; (l^B^P) t P^maxp^Q^X} 

is an No, and we have already shown that it is a median class of C^P^. 
Hence 

hrPecD.D.glNoA med^(P^). 

The same class will be a median class of P^ -f> i?, if ^ e C^P^. Hence 
h zPecj • Zr^€ G^P^ . D . g ! No A med^(P^ *+> Z)» 

Hence, by what was proved earlier, 

h : Pe 0) . Z^eC^P^.D . (P^^Z) e 0, 
i.e. h . (o) exp,, o)) 4- 1 = ^. 
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SUMMARY OF PART VI, 


The purpose of this Part is to explain the kinds of applications of 
numbers which may be called measurement For this purpose, we have 
first to consider generalizations of number. The numbers dealt with hitherto 
have been only integers (cardinal or ordinal) ; accordingly, in Section A, we 
consider positive and negative integers, ratios, and real numbers. (Complex 
numbers are dealt with later, under geometry, because they do not form 
a one-dimensional series.) 

In Section B, we deal with what may be called “kinds'* of quantity: 
thus e,g, masses, spatial distances, velocities, each form one kind of quantity. 
We consider each kind of quantity aa what may be called a “ vector- family," 
i.e. a class of one-one relations all having the same converse domain, and all 
having their domain contained in their converse domain. In such a case as 
spatial distances, the applicability of this view is obvious ; in such a case 
as masses, the view becomes applicable by considering e,g, one gramme 
as + one gramme, i.e. as the relation of a mass m to a mass m' when m 
exceeds m' by one gramme. What is commonly called simply one gramme 
will then be the mass which has the relation + one gramme to the zero 
of mass. The reasons for treating quantities as vectors will be explained in 
Section B. Various different kinds of vector-families will be considered, the 
object being to obtain families whose members are capable of measurement 
either by means of ratios or by means of real numbers. 

Section C is concerned with measurement, i.e. with the discovery of 
ratios, or of the relations expressed by real numbers, between the members 
of a vector-family. A family of vectors is measurable if it contains 
a member T (the unit) such that any other member S has to T a relation 
which is either a ratio or a real number. It will be shown that certain 
sorts of vector- families are in this sense measurable, and that measurement 
so defined has the mathematical properties which we expect it to possess. 

Section D deals with cyclic families of vectors, such as angles or elliptic 
straight lines. The theory of measurement as applied to such families 
presents peculiar features, owing to the fact that any number of complete 
revolutions may be added to a vector without altering it. Thus there is not 
a single ratio of two vectors, but many ratios, of which we select one as the 
principal ratio. 
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SECTION A. 


GENERALIZATION OF NUMBER. 

Summary of Section A. 

In this section^ we first define the series of positive and negative 
integers. If /i is a cardinal, the corresponding positive and negative 
integers are the relations ^.nd — c/x, or rather (+om) t induct — t^A) 
and (— c / a) D(NC induct — t^A). (It will be observed that a positive integer 
must not be confounded with the corresponding signless integer, for while 
the former is a relation, the latter is a class of classes.) We next proceed to 
numerically-defined powers of relations, i.e, to R*', where v is an inductive 
cardinal. We have already defined J? and but for the definition of ratio 
it is important to define generally. If e 1 — > 1 . iJpo d J, we shall have 
R*'— Rpy.aud if iJeSer, we shall have (i?i)‘'=:i2„. But these equations do 
not hold in general, and in particular if JB G / and 0, 22*' = i2 but 22„ A. 
After a number devoted to relative primes, we proceed to the definition 
of signless ratios, thence to the multiplication and addition of signless ratios, 
thence to negative ratios, and thence to the generalized addition and 
multiplication which includes negative ratios. (In the case of ratios, signless 
ratios are identical with positive ratios. This is possible because signless 
ratios, unlike signless integers, are already relations.) We then proceed 
to the definition of real numbers, positive and negative, and to the addition 
and multiplication of real numbers. At each stage, we prove the com- 
mutative, associative, and distributive laws, and whatever else may seem 
necessary, for the particular kind of addition and multiplication in question. 

Great difficulties are caused, in this section, by the existence-theorems 
and the question of types. These difficulties disappear if the axiom of 
infinity is assumed, but it seems improper to make the theory of (say) 2/3 
depend upon the assumption that the number of objects in the universe 
is not finite. We have, accordingly, taken pains not to make this 
assumption, except where, as in the theor}’' of real numbers, it is really 
essential, and not merely convenient. When the axiom of infinity is 
required, it is always explicitly stated in the hypothesis, so that our 
propositions^ as enunciated, are true even if the axiom of infinity is false. 



* 300 . POSITIVE AND NEGATIVE INTEGERS, AND NUMERICAL 

RELATIONS. 


Summary of *300. 

In this number, we introduce three definitions. We first define U** as 
meaning the relation which holds between ijl+qV and whenever jx and v 
are existent inductive cardinals of the same type, apd and yu. +o ^ exists 

in this type. Thus U is the relation “ greater than confined to existent 
inductive cardinals of the same type. The definition is : 

* 300 - 01 . IT = (+el)poD(NC induct Df 

Then if fx is an inductive cardinal which exists in the type in question, 

and Uy, are the corresponding positive and negative integers, where “ JJf' 
has the meaning defined in *121. It will be observed that 017^ ytt, so that 
Vy, exists, when ya exists in the type in question. We prove (*3001 5) that 
17 is a series, and (*30014) that its field consists of all existent inductive 
cardinals of the type in question, its domain consists of all its field except 0, 
and its converse domain of all its field except the greatest (if any). If the 
axiom of infinity holds, G^V consists of all inductive cardinals. 

It will be observed that U arranges the inductive cardinals in descending 
order of magnitude. The reason for choosing this order instead of the 
converse is that U is less required in its serial use than as leading to the 
functional relations Uy. As explained at the end of Part I, Section D, there 
is a broad difference between fuiictional and serial relations, and this 
produces, where one relation (or its derivatives) is to have both uses, a 
certain conflict of convenience as to the sense in which the relation is to be 
taken. Considered as arranging the integers in a series, U would naturally 
be defined so as to arrange them in ascending order of magnitude, as was 
done with in *123. But considered as functional relations, it is more 
convenient and more natural to take (say) 4- c 1 as the relation to start with, 
and — qI as its converse. Thus we want fxUiV when ya = i/-fol> we want 
UiV = 1/ + 0 1 ; and this requires the definition of U given above. 

We prove in this number (*300*23) that U is well-ordered, and (*300*21*22) 
is either finite or a progression. We also prove (*300*17*18) that, if fx is any 
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typically indefinite inductive cardinal, /a and ft+ql will belong to C^U it U 
is taken in a sufficiently high type. 

Our other two definitions in this number define two classes of relations 
which are of vital importance in the theory of ratio. We define numerical 
relations, which are called “ Rel num," as one-one relations whose powers are 
all contained in diversity, i.e, we put 

*300-02. Relnuin=.(l-»l)A.S(Pot‘BCRl‘J) Df 
We thus have (*300'3) 

h : J2 e Rel num . = . e 1 —» 1 . G J. 

It will be remembered that the hypothesis Bc(Cl8-»l)u(l->Cls).BpoG J 
played'a great part in *121, and in all later work which depended upon *121. 

SJ 

When both R and R fulfil this hypothesis, we have R e Rel num, and 
vice versa. We prove (*300*44) that if a is an inductive cardinal not zero, 

and P is a series, then P^ is a numerical relation, and so is P^, If P is an 
endless well-ordered series, finid^P {{,e, the class of relations Pa) is what 

(in Section B) we shall call a vector-family : Pa is the vector which carries 
a term a steps along the series. 

In order to be able to deal with zero, we have to consider the application 
of ratios, not only to such relations as are numerical in the above sense, 
but also to relations contained in identity, because a relation contained 
in identity may be regarded as a zero vector, so that (e.g,) if P is a 
series, I C^P will have a zero ratio to Pa if or is an inductive cardinal' 
other than 0. 

We therefore introduce a class “ Rel num id ” consisting of numerical 
relations together with such as are contained in identity; these may be called 
numerical or identical relations. They may be defined as one-one relations 
whose powers, other than R^, are contained in diversity, because, if Rdl, 
there are no powers other than R^, Thus we put 

*300 03. Rel num id = (1 1) n ^ (Potid'P - i^R, C RVJ) Df 

and we then prove 

*300*33. h . Rel num id = RPJ v Rel num 

For the application of ratio, it is important to know und6r what circum- 
stances there exists a numerical relation R such that Ra is not null. We 
prove (*300*45) that if <r is an inductive cardinal, and P is a series of 

(T+ql terms, then (JB^P)P„{B*P), Now we also prove (*300*44) that if 
P is a series, and R — Py, P^^R^ and 22 is a numerical relation. Hence 
it follows, by *262*211, that if o- =}= 0 and a is a class of o* -fq 1 terms, there is 
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a numerical relation R whose field is of the same type as a and for which R^ 
exists. Remembering *30014 (quoted above), this proposition is : 

*300-46. h;<T€a'Cr-e^0.D. 

(gP, P) . P 6 (<7 4*0 l)r . P = Pi . € Rel num . t^C^R = to^a . (P^P) P^ (P^P) 

We have conversely (*300*47) 

h : P e Rel num . g ! P, . 3 • € NC ind . g ! (<r 4c 1) ^ t^C^R . <r n t^C^R e 
where “ NC ind ” has the meaning defined in *126, i.e. <r eNC ind means 
that <r is a typically indefinite cardinal. 

The number ends by propositions proving (*300-52) that Ufi is a 
numerical relation, that (*300*57) 

a D .^x^veG‘U x, i; = ij x^fi, 

and analogous theorems. 

#300 01. U = (+0 l)po t (NC induct - i‘A) Df 

#300-02. . Rel num = (1 -# 1) n i (Pot'JK C RIV) Df 

#300-03. Rel num id = (1 -♦ 1 ) A R (Potid^R - I'R* C R1‘ J) Df 
#300-1. 1- : . = . /*(+ol)poi' •/*,!> 6 NC induct — t‘A [(#300*01)] 

#300*11. \-i.fiUv. = i 

/i.ve^G induct - t‘A : (gX) . X e NC induct - 1‘0 . /a = r +o X : 
= : /a, V e NC induct — i‘A : (gX) .X4=0.ya=i/+oA-: 

= : /i, K € NC induct — t‘A : (gX) . X e NC — t‘0.fi = v+,\ 

[#300-1 . #120-42-428-462-452 . #110*4] 

#30012. \' i fiUv . = . /j.,v€ NC induct — i‘A 

= . fi,pe NC induct .p<.ft. 

= . /*€ NC induct . v < /a 

[#300-11 . #117-3 . #120-42 . #117*26 . #110*6 . #11715 . #120*48] 
#300-13. V.UQJ [#300-12 . #117*42] 

#300*14. h . 0' i7 = NC induct — t‘A . D‘ £/” s= NC induct — t‘A — t‘0 . 

Q‘ [7= NC induct n »! (g ! v 1) = 0 (v +, 1 e NC induct — t‘A) . 

B‘U=0 

[#300-12 . #117-511 . #120-122 . #101*241 . #120*429-422] 

#300-15. h . t7€ Ser [#30013 . #120*441] 

#300*16. h : a e Cls induct . D . NoC‘a eC‘U f\ . NoC'a e C‘( (7 ^ t^‘a) 

Dem. 

h . #120*21 . D I- : Hp . D . NjC'a e NC induct 
h. #103-13. DI-.N„c‘a=|= A 
I- . #103-11 . D I- . NoC‘a 6 t’‘a 
I- . (1) . (2) . (3) . #300-14 . D I- . Prop 


( 1 ) 

( 2 ) 

( 3 ) 
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*30017. I- : /teNC ind . D . (ga) . fi r^ t‘tteC‘V . fieC‘(Utt^*a) 

Bern. 

I- . *126'1 • D I- : Hp . D . (ga) . o e Cls induct . == Nc‘a • g ! /* . 
[*103‘34] D . (ga) • a e Cls induct . /in t‘a = Noc‘a (1) 

I- . (1).*30016 . D h ; Hp . D . (ga) .,int‘aeG‘U. (2) 

[*6513] D . (ga) . /i 6 C" (7 . /i. C <‘a . 

[*63-6] D.(ga)./teC‘(7./t€t’‘a (3) 

H . (2) . (3) . D h . Prop 

*30018. h;/t€NCind.D. 

(go-) . ^ € C\Ut t»V) ,{ix^^\)f^tfaeC‘U.ne a‘((/ ^ 
[*126 13 15 . *300 17 14] 

*600181. l-:/t€NCind./tA<‘aeC‘(7.3. 

2** r\ t^*a e . (/i +0 1) A t»‘a eG‘U .firs t“a € <1‘U 

[*126-23 . *300-14] 

*300 2. I- : Infin ax . D . 

Here N has the meaning defined in *263-02. 

Bern. 

t- . *300-1 . *125-1 . D f- Hp .'2ifi,Uv. = .fi,ve NC induct . /i (+, l)po v . 
[*120-l.*91-574] = . v(-fo 1)*0 . /*(+o l)po>' • 

[*06-13] = . {(+, 1) r (^l^‘0}po «; . 

[(*263-02.*120-01)] H . vN^ /a D h . Prop 

^300*21. h : Infin ax . D . e o) [^Jt300‘2 • *263*12] 

*300*22. h : Infin ax . D . Ueil induct 
Dem, 

h . *125*16*24 . Transp . D h : Hp .0 .C^Ue Cls induct (1) 

h . (1) . *300*15 . *261*32 . D h . Prop 

*300*23. h.Uen [*300*21*22] 

*300*231. = veNC induct — . fi — v +^1 • 

= . /i € NC induct — i‘A • = i/ 1 . 

= ./4€ NC induct — t^A — t^O . i/ = /Lt— ^ ^ • 

= . j; 6 NC induct — i^A . v = /i. — ^ 1 

Dem, 

I-. *300*15*12. *201 *63.3 

I- :. 17 . = : /A, 1 / 6 NC induct — t^A . i/ < /i : (gX) . i7 < X . X < /i : 

[*120*429] = ifi,ve NC induct - t^A .i7</i:i7 4-ol^A^*/^i^J'+ol: 
[*117*25] s : /i, 1 / € NC induct — . />6 = i/ 1 (1) 

h . (1) . *120*422*424*423 . D h . Prop 
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«300'232. I- : /t £ NC induct . 3 . 

= (+0 /*) ^ (NC induct — t‘A) . U,,, = (— , /t) ^ (NC induct — t‘A) 
For the definition of see )t(121‘02. 

Dem. 

h . 4kl21'302 . ♦300'15 . D h ; pU^a . = . <TeC‘U.p^(r. 

[^|f300•14.^l^ll0•6] = .p,<re NC induct — t‘A . p = <r +, 0 (1) 

h. i)e260-22-28. *121-332. D 

h : = (+j fi) ^ (NC induct — t‘A) . D . = (+, ^ (NC induct — t‘A) | Ui 

[*300-231] « (+./i) t (NC induct - t‘A) | (+. 1) t (NC induct - i‘A) 

[*120-45-462] ={+,(/* +c 1)} ^(NC induct -t‘A) (2) 

h . (1) . (2) . Induct . D h . Prop 

*300-24. h ; /t*6 NC induct . D . U^‘p, = NC induct n 9 (v ^ /t) 

[*300-232 . *117-31 . *120-46] 

*300-26. ■ I- : /* € NC induct . D . 

= U‘p> — NC induct n 0 (i» < ;*) = Z7(0 t— /*) 

[*300-232-24-12] 

*300-26. 1 lie C*U . = .p.U^Q. = .t\U^l{C‘U) [*300-23214 . *110-6] 

Here the /* in “ J7^” is of higher type than the /* in “ p,eO‘U,’' because 
the interval 27(0 kh /t) is composed of members each of which is of the same 
type as /a. 

*300-3. I- ; iJ e Rel num . = . iJ e 1 — »1 . dJ .s.JJel— >1. Pot'iJ C 

[(*300-02)] 

*300-31. h : 5 € Rel num id . = . .8 € 1 — » 1 . Potid'iJ — t'R, C RIV 
[(*300-03)] 

*300-311. \-:RGI. = .B,^B. = .R = ItC‘R 
Dem. 

h. *201 -13-18. Dh:.86/.D:a!£(7‘ie.D.^‘a:n^‘a! = t‘a: (1) 
h.(l). *121-11. Dl-riZC/. D.7f(7‘RGi2o. 

[*121-3] D.8, = /[(7‘J2. 

[*72-92] = R = (2) 

h. *121-3. Dh:JJ,=R.D.RG/ (3) 

l-.(2).(3).Dh.Prop 

*300-312. h : R G / . D . Potid'R = t‘R = t‘R« [*300 311 . *60-72 . Induct] 
*300-313. I- : R 6 Rel num id . D . R* ^ 8, G / [*300 31 . *91-55] 
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jK300'32. !■ : B e Rel num id . D . jRo = -^ T 

Dem. 

h . *91-35 . D h . I [ O'R e Potid‘JS - R1 ex‘J (1) 

h . (1) . *300-31 . D h . Prop 

*300-321. h ; R e Rel num id.R + Ro.D.RG/.glR [*30031] 

*300-322. l-:RCJ.D.RpoARo = A 

Dem, 

h . *121-3 . D h : y - a? =t= y . D • {xR^y) (1) 

1- . *50 24 . D I- Hp . D ; ~ : (2) 

[*91-57] i xR^x . X {R^\ R) X . 

[*1 21 -103.(2)] D . R (a: t-i a!) ={= t‘a: . 

[*121-11] D.~(arR„a?) (3) 

l-.tl).(3).DI-.Prop 

*300 323. H : R 6 Rel num id . R 4= Ro • ^ • ^po ^ J 
Dem. 

I- . *300-321-322 . D I- : Hp . D . Rp„ A Ro = A . 

[*300-32] 3 . Rpo *5 J f- (7‘R = A : 3 h . Prop 

*300324. h R € Rel num id.3:RG/.v.R6 Rel num 
Dem. 


l-.*300-311-323.31-;.Hp.3:RG/.v.RpoC J (1) 

H . *300 32 . 3 !• : R € Rel num id . Rpo G / . 3 . Potid'R— t‘Ro=Pot‘R (2) 

I- . (2) . *300-31 . 3I-: R«Relnumid.RpoGJ.3 .Pot‘RCRl‘J (3) 

l-.(l). (3). *300-3.31-. Prop 

*300 325. h ; R G / . 3 . R e Rel num id 

Dem. 

1- . *300-312 . 3 1- : Hp . 3 . Potid‘R - t‘R, = A (1) 

I- . (1) . *300-31 . 3 h . Prop 

*300 326. H : R e Rel num . 3 . R e Rel num id 
Dem. 

I- . *121-3 . *300-3 . 3 I- : Hp . 3 . R„ ~ 6 Pot'R (1) 

V . *121-302 . *300-3 . 3 h : Hp . 3 . R, = 7 1' C7‘R (2) 

h . (1) . (2) . *91-35 . 3t-;Hp.3.Potid‘R-t‘R<,= Pot‘R (3) 
I-. (3). *300-3-31.31-. Prop 

*300-33. I- . Rel num id = Rl‘7 w Rel num [*300-324-325-326] 

*300-34. 1- . A € Rel num [*300 3 . *72-1] 

*300-4. I- . Rel num = Cnv“Rel num [*300-3 . *91-522] 

*300-41. 1- . Rel num id = Cn v“Rel num id [*300 31 . *91-621] 
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iie300*42. h : JS e Rel num . D . Pot'i? C Rel num 
Dem. 

I- . *91*6 . *92-102 . 3 

h : iJ € Rel num . P e Vot*R . 3 . P e 1 — > 1 . Pot^P C RPP . 

[*300-3] 3 . P e Rel num : 3 h - Prop 

*300'43. h : P € Rel num id . 3 . Potid^P C Rel num id 
Dem, 

h . *300-325-312 . 3 h : P G / . 3 . Potid^P C Rel num id (1) 

h . *300-325 . 3 h . J I" O^P € Rel num id (2) 

h . (2) . *300*42-326 . 3 h : P € Rel num . 3 . Potid'P C Rel num id (3) 
h . (1) .(3). *300-33 . 3 h . Prop 
*300*44. h P € Ser - a e NC ind . 3 : 

Pay P<r e Rel num id : 4= 0 . 3 . P«r = (Pi)«r - P<r, P«r e Rel num 

Dem. 

h . *121-302 . *300-325 . 3 h : Hp . <r = 0 . 3 . P», Pa e Rel num id (1) 
h. *260-28. 3h:Hp.a- + 0.3.Pa = (P,)^ (2) 

h . *300*3 . *260*22 . 3 h :• Hp . 3 : Pi 6 Rel num : 

[*121*5.*300-42] 3 : <r 4= 0 . 3 . (PiV « Rel num . 

[(2).*300*4] 3 . Pay Pa € Rel num (3) 

h . (1) . (2) . (3) . 3 h . Prop 

*300-46. h : o- 6 NC ind . P 6 (o- -fo l)r - 3 - (P^P) P. (P'P) 

For the definition of {a 1)^, see *262'03. 

Dem, 

h . *262-12 . 3 h : Hp . 3 . P € n . (7^P e <r +0 1 - 

[*202-181.*261-24] 3 . (P^P) Pa (P^P) : 3 h . Prop 

*300-46. h : O' € tr- 1^0 . 3 . 

(gP, P) . P € (o- +0 l)r • P = Pi • P e Rel num . t^G^R = - (P^P) Ra (P^P) 

Dem, 

h . *30014 . 3 h : Hp . 3 . (got) . a e Cls induct . t^a = . o e <r 4-^ 1 . 

[*262-211] 3 . (gP) . P e (<r +o l)r - t^O^P - • 

[*300-46] 3 . (gP) . P c (<r l)r . t^C^P = V . (P^P) Pa (P'P) . 

[*300*44.*261*22] 3 . (gP, P) . P e (o- 4-c l)r • P = Pi • P e Rel Runa . 

t^G^R = . (P^P) P^ (P^P) : 3 f- . Prop 


ju A w. III. 
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«300'47. h : i2 e Rel num . 3 ! i2, . D . 

<r e NC ind . g ! (a + 0 1) t‘C‘R . <r f\ t‘C‘R e(l‘U 

Bern. 

h.*121’ll . 3 h : Hp. D .(aa?,y). jR(«My)e<7+ol • 

[*121-46] D . cr +, 1 e NC ind . a ! (<r +, 1) n t*C‘R . 

[*120-422.#300-14] D . o- e NC ind . g ! («■ -i-o 1) « t‘C‘R . 

a f\ t‘G‘R e(l‘U : D h . Prop 

*300-48. h:RG/.i»=t= 0 .D.R, = A 
Detn. 


h . *300-312-311 . *91-55 . D h : J? G / . D . iJ# = 7 [ 0‘i2 (1) 

h. (1). *121-103.3 I- ;iJG7.D.R(«w2/) = 0‘RrM‘a! A t‘y (2) 
I- . (2) . *121-11 . 3 h 72 G J . 3 : xR,y . = . C‘R a i*x a e p +, 1 . 
[*117-222] 3.r/+,l<NcVa!. 

[*117-54.*120-124] 3 . 1.+, 1 = 1 . 

[*110-641.*120-311] 3 . V = 0 (3) 

h . (3) . Transp .31-. Prop 

*300'481. h : .R e Rel num id . r 4 = 0 . 3 . (Ro)i> = A . {R,\ G 72, 

Dem. 

I-. *300-32-48. 3 1- :Hp. 3.(72,), = A (1) 

h . *300-43-32 . 3 h s Hp . 3 . (72,), = 7 [ (7‘72, . 

[*121-322.*300 32] 3 . (R,\ G 72, (2) 

l■.(l).(2).3^.Prop 

* 300 - 49 . h ; K € Rel num . A o- e Pot*72 . 3 . C‘R e Cls induct 
Dem. 

1- .*121-6 . 3 h ;. Hp . 3 : veNCinduct . 3 . g ! 72, . 


[*121-11] 3 . a ! (j/ +, 1) A Cl‘C‘72 :. 3 1- . Prop 


*300-491. 1- : (g72) . 72 e Rel num . A ~ e Pot'R . 3 . In Bn ax [*300-49] 
*300-5. h. 17,6 Rel num [*30015-44] 

*300-61. h . {7, 6 Rel num id [*300-16-44] 

*300-611. H . t7, = ( UX [*300-21-22 . *263-491] 

*300*62. Vine NC ind — 1‘0 . 3 . U), e Rel num [*300*15*44] 

*300-63. l-.(x,l)^(7‘I7€Relnumid [*300*325 . *113*621] 

*300*64. h :Infinax./t6D‘f7 — t‘l . 3 .(x,^) ^D‘l7eRel num 
Dem. 

h. *120-51. 3l-:Hp.3.(x,/4)^D‘I76l-*l (1) 

V . *126-61 . *113-621 . 3 H :. Hp . 3 : p {(x,/t) P D‘77} <r . 3 . p>o- : 
[*117-47-42] 3:{(x,/*)pD‘l7}poG7 (2) 

h . (1) . (2) . *300-3 . 3 h . Prop 
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ikSOO-SS. h;a!i2poK-3-ai(p+cl)«<‘C^‘-B-P“o- [*12111 .*120-31] 

*300-661. I- : a ! i2p A iJ, . = . a ! Kp . p = «r [*300-55] 

*300-662. i Re Rel num . D . (R(X d Rtx,, 

Bern. 

h. *121-36. Dh: Hp.f,i/eNCind-t‘O.D.(Rf), = JSfx.. (1) 

h .*300-481 .Dh;Hp.f = 0.i/ + 0.D. (R(% = A (2) 

h . *300-32-311 . *113-602 .Dh:Hp.f = 0.»/ = 0.D. = Rfx.. (3) 

h. *300-481. *113-602. D h : Hp . f + 0 . i/ = 0 . D . (Rf), C Rfx., (4) 
I-. *300-47. D h : Hp . ~(f,p6NCiad) . D. = A (5) 

h . (1) . (2) . (3) . (4) . (5) . D I- . Prop 

*300-66. I- : iJ e Rel num . a ! (Rt), A (i2,)p . D . 

f x,i/ = ij x^fi Xgv) f\t‘C*R e(I‘U 

Dem. 

h.*300-552.Dh-:Hp.D.aliifx.»«i2,x.M (1) 

h . (1) . *300-65 . D 1- . Prop 

*30067. H : a 1 (^f)» ^ '<aV .^x,v — if x^n 

Dem. 

1- . *300-5-511-56-552 . 3 h : Hp ^ x^v = rf x^/j. Utx,r (1) 

I- . (1) . *300 26 . D h . Prop 

By *30056, we have, with the above hypothesis, (f x, v) a t‘G‘ U eGL‘U. 
But here the £7 in Q'fT is of higher type than the V in (f x, v) n t‘G‘U or in 
the hypothesis. In the type of the U in the hypothesis, we have ^x^veG‘U, 
not necessarily f x, p e G‘££. 

*300-671. V i. ^,ij eD‘U .3:al( A ( £7,)^ . = .fx, pe(7‘£7 . ^ x^v^ if x^fi 

Dem. 

t- .*300-26 . D h : f x„veG*U . f x, = x,/4. 3 . (f x, v) {£7fx.i- <*» 0 (1) 

I- . #121-36 . 3 I- ; Hp . Hp (1) . /* + 0 . p + 0. 3 . £;fx., = (£7f),. ££,x.m = ( U^)e. (2) 


1- . *300-32 . 3 h : Hp . flp(l) . p = 0 . 3 .(££{), = / 1 (7‘£7f . 

[*300-26] 3.0 ((££*).} 0 (3) 

Similarly I- : Hp . Hp(l) . /t = 0 .3 . 0 {(£/,V} 0 (4) 

l-.*113-602.3l-:Hp.Hp(l).i; = 0.3./* = 0 (6) 

I- . (1) . (2) . (3) . (4) . (6) . 3 h ; Hp . Hp(l) . 3 . a ! {lh\ « (6) 

h. (6). *.300-67.31-. Prop 


♦300-672. h;.f€D‘££.3:aKt^f)K. = -^x,i/e(7‘£; [^*300-671 



^►301. NUMERICALLY DEFINED POWERS OF RELATIONS. 


Summary of *301. 

In this number, we have to exhibit the powers of a relation iZ, i,e. the 
various members of Potid^iZ, as of the form iZ®", where <t is an inductive 
cardinal. We have already had iZ® = iZ ] IZ and 2Z® = iZ* | iZ. What we need 
is a definition which shall give 

Now iZ®^ is a function of iZ and a ; thus we have to exhibit iZ®* in the form 
jSV, where S will be a function of JZ. That is, we have to define the relation 
/S as a relation of to and S must be such that, if it holds between 
iZ^ and o*, it holds between iZ®^+«^ and cr+o 1. Thus we may take as a sum 
of couples, such that if one couple is iZ®" ^ the next is (JZ®|1Z) I (<r+ol), 
ie. such that, if one couple is Q | < 7 , the next is (Q | iZ) ^ (<r 1). Now 

(Q 1 i (<r +, 1) = {(I R) II (-, 1)|‘(Q i <t). 

Hence, since we want to have iZ® = / C^R, our class of couples is 
M[M[(\R)\\{-,l)}^{(I[C‘R)iO\]. 

Calling this class num (iZ), we may therefore put 

iZ®" = {i^num (R)Ycr Df. 

If we put (I iZ) II (- 0 1) = Rpt the above definitions are 

num (iZ) = r C^R) i 0} Dft, 

R^ = (i^num ( JZ)} V Df. 

But the above definition of Rp requires some modification before it can be 
considered quite correct. With the above definition, we have 

V(«i‘^)=(ei^)4(<^+«i) (!)• 

Now since num(JZ) is defined by means of (JZ,,)^^^, and since the definition 

of JZ^ contains the hypothesis R^^fi C /x, it follows that, if num (JZ) is to be 
significant, the relation — which appears in the definition of Rp must 
be homogeneous, so that, in (1), <r and <7+^1 must be of the same type. 
Hence <r, though typically ambiguous, cannot be typically indefinite ; 
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therefore, if the axiom of infinity is not true, we shall sooner or later arrive 
at = A as we travel up the inductive cardinals. In that case, we shall have 

I {<T — c 1) € num (jR) . i jR) ^ A e num (JR), 

iZ 1 iJ) 4 A € num (iZ), etc. 

Now if (for example) iZ is a cyclic relation, such as that of an angle of 
a polygon to the next angle to the left, we shall not have 

jEj or JR^'-«i|iZ = jR‘^-«^|iZ| JZ. 

Hence s^num (iZ) will fail to be one-many, and will fail to exist. Hence 
it becomes desirable to restrict <r to cardinals which exist in some assigned 

type, i.e, to replace — q 1 by (— ^ 1) ^ (NO induct — 6^ A), i.e. by ?7i. 

Thus we now put Rp = (| iZ) || Ui Dft. 

But even this definition is not quite complete, because the type of U is 
not assigned. It makes some difference how the type of U is assigned, for 
if we take as the type of (7^17 a type lower than that of ^^NoC^i^iZ, we may 
find that our numbers become A before we have ceased to obtain fresh 
powers of iZ. 

For example, suppose the total number of individuals were four, and that 
these were a, x, y, z. Let us write a? 4 (ct> • • •) ^ 4 a c; a? 4 y • Then 

consider the relation R — x\^{ayy)K}a^yK^y^{x^z). Then 

R'^^x 4 (a;,y,^)ua 4 {x,z)^y {a,y\ 

R^^x l{a,y,x,z)yja ],{a,y)^Jy ],(x,y,z\ 

R*^x l{y,x,z,a)K)a \^{y,x,z)yjy I {a,y,x,z\ 
iZ® = a; 4 (a, x,y,z)K)a I (a, y, ^) u i/ 4 {a^x,y,z). 

After this, JR® = iZ® | iZ = iZ® | iZ^ = etc. But up to JR®, each power of JR is 
different from all its predecessors. If we take t^G^U G^U 

consists only of the numbers 0, 1, 2, 3, 4, and is thus inadequate to deal with 
JR®. Hence the type in which we take U must be a sufficiently high type, 
which must increase with the type of iZ. Hence we take G^U in the type of 
^^NflC^^^iZ, i,e. in the type of t^^R, This is secured by writing U ^ i^‘R in 
place of U in the definition of iZp. Hence the final definitions for R^ are : 

*30101. Rp = (1 iZ) II ( U, t i^^R) Dft [*301] 

*301 02. num (iZ) = (^^M(/ T i ^ Dft [*301] 

*301*03. JR*^ = [s^num (iZ)} V Df , 

The two temporary definitions *301*01*02 are only to extend to the 
present number. 
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With the above definitions we have 
*30116. i-:neC‘Ursf‘R. = .l&lB^ 

*301-2. \-.Ii^ = I^C*R.R^ = R 

*301-21. \-:vea*Un1*‘R.D. = JJ- ] i2 

*301-23. [■:^+,peC‘Unt»‘R.‘2.R^+°’’ = R'^\R'' = R''\R>‘ 

*301-26. f-:PePotid‘i2. = .(a<r).P=i2' 

I.e, the powers of R are the various relations R". This proposition might 
have been not universally true if we had taken P in a lower type. 

*301-3. h-.RCI .aeC‘Un1?‘R.':>.R‘' = R^Ro = ltG‘R 

It is largely for the sake of this proposition that we require powers 
of relations in dealing with ratio, rather than finid‘iJ. For we have 
PG/.<r=f=0.D.jB, »»A, so that iJ, does not give what is wanted if 
RQI. On the other hand (*301-41), if PeRelnum, we have R" = R^ 
a eC*U f\t?‘R. Thus as applied to numerical relations, R^ may always 
replace R". 

We have, whatever R may be, 

*301-604. Vifi.,veC‘Uf\ t“G‘R . v + 0 . D . (R^y = ijsx.v 

The importance of this number will appear in connection with ratios. 


*301-01. Rp = (I R) li ( P, p f‘R) Dft [*301] 

*301-02. num (R) = (R^‘[(I [ C‘R) 4 (0 a f“R)} Dft [*301] 

*30103. i2''= {i‘num(i?)}V Df 

*301-1. h ; <r e a‘( P ^ 1^‘R) . 3 . Pp‘(Q 4 o-) = (Q | P) 4 ((o- +, 1) a <>‘P} 
[*55-61 . (*301-01)] 

*301-101. H ; <r € Q‘( U ^ f*‘i2) . = . a e(l‘Uf\ f‘R . = .treQ‘Z7 .<rC (“R 
[*63-5] 

*301-102. h;«r€a*({7^^<“P).= . 

(a\) . \ e Cls induct . g ! — X . P e . «r = NjC'X 
[*300-14. *103-11] 

*301 103. h:aea\Ul <*‘P) . = . 

(gX) . X e Cls induct .a!-X.JBeX.<r = Njc'X 
[*301 -102. *73-71-72] 

*301104. b ; <7 e (I‘( U ^ f‘R) . = . (<r + 0 1) a t^*R e NC induct — t‘A 
[*301 -101. *300-14] 

*301105. b ; o- 6 Q‘( U ^ f‘R ) . = . (gX) . X e Cls induct . i2 e X . <r +j 1 = Njc'X 
[*301-104] 
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4(301'106. h : a ^C[‘( V ^ . = . (gX) . X e Cls induct . B, e <o‘X . o- +o 1 = NjC'X 

[*301104] 

*301107. h ; <r e a‘( p ^‘B ) . = . <r e NC ind . i2 e s‘(<r +, 1) 

[*301106. *1261] 

*30111. l-:(r€a‘(UCt>‘B). = .ElB/(Ql<r) [*3011] 

*301 '12. h ; ilfenutn (B) . D . (gP, o-).PePotid‘iJ.<re C‘J7 n ^‘B.M^B^ a 
[*9.5-22] 

*30113. h:PiOemim(P).3.P = /|‘0‘P 
Dem. 

h . *90'31 . (*30102) . D 
h : P 4 M ® (B) — t‘{(/ [ C‘B) ^ 0} . D . 

(P4/.) {(p,)*|Pp}{(/ra‘P)io}. 
[*30'33.*301'1] D . (P 4, /i) (Pp)# (P i 1) . 

• [*95-22] 

[*300-24] D./* + 0 (1) 

h . (1) . Transp . D h . Prop 

*301-14. l-:Pi/*, Q 4 M ^ (^) • 3 • -P = Q 

Dem. 

h. *120124. *90-81. D 
l-:(s;(;u+el)} (P^)*{(/rC'‘P)4 0).D. 

{S i (m +. 1)1 {P^ i (Pp)*} {(/ r C‘B) i 01 (1) 

h . (1) . (*301-02) . *301-12 . *300-14 . D 

h : /S (/t + 0 1) € num (P) . D . S (m +c 1) e Pp“num (P) . g ! /* +o 1 . 

[*301 -1] 

D . (aP, v).P I pe num (P) . P ^ +o 1) = (-P i -®) i (*' -^o 1) • 3 * /* +o 1 • 
[*55'202.*120-311] 

D.(aP).Pi/*€num(P).Si(M+ol) = (P|12);(/*+ol) (2) 

h . (2) ."^V i.P ^ fijQ ^ fie num (P) . Dp_ Q.P = QiD : 

P 4, (a» +0 1), P 4- (P -+-0 1) “““ (^) •'^s.t’S = T (3) 

h . (3) . *301'12'13 . Induct . D I- . Prop 

*301-141. l-.a‘i‘num(P) = C‘I/'ne»‘P 
Dem. 

I- . *301-1 . D 

V <r r\ ^‘B . a e Q's'num (P) . D . (<r +j 1) e Q‘i‘num (P) (1) 

h . (1) . *300'14 . Induct . D h . Prop 
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*30116. I- . i'num (R) e 1 — > Cls 
Dem. 

I- . *301-14 . D h : ikf, JVe num (R) . g 1 Q.‘M n Q‘N .0 .M -N (1) 
h. (1). *72-32. DH. Prop 

*301-16. \-:ft€C‘Ur^1^‘R. = .ElRi‘ [*301141-15 . (*301-0.3)] 

*301-2. I- .R‘ = I[C‘R.R^ = R [*30113-161 .(*301 03)] 

*301-201. \-:veC‘Ur^^‘R.:>.{R''lv)e num (JR) 

Dem. 

f- . *301-16 . (*301-03) . D h : Hp . D . J?” {s‘num (R)} v . 

[*41-11] D . (gil/) .Me num {R) . R-Mv . 

[*.301-1 2] D . (gitf, P,a). Me num (R) . M ^ P a . R‘'Mv . 

[#55-13] D . (TJ” 4 I') 6 num (R) : D h . Prop 

*301-21. = 

Dem. 

V . *301-1-201 . D I- : Hp . D . I (p +, 1), (fi- 1 i2) J, (v + 0 1) « num (B) . 
[*30114] D.B*'+«» = B-'|B:DI-.Prop 

*301-22. h : E ! B- . D . B” € Potid'B [*301 -201 121 6] 

*301-23. I- : /i +0 p e C‘ O' ft <«B . D . B'‘+-' = B'^ 1 B- = B- 1 B'* 

[*301-21 . Induct] 

*301-24. I" :. <r € NC ind i cr . p <C. fi , y . B** =j= B*- : D . 

^ p Ka;*) • /* < o- . B = B'‘} e <r +0 1 

Dem. 

h . *120-442 . D h : Hp . /i ^ o- . 1 / ^ o- . B** = B*- . D . /<. = v (1) 

K . (1) . *73-14 . *301-15 . D 

h : Hp . D . Nc‘.P {(g/*) . /* < o- . P = B**} = Nc‘^(/.i < a) (2) 
h . (2) . *120-57 . D h . Prop 

*301-241. h : Hp *301-24 . D . o- ft <«B e a‘( O ^ t»R) . B'+'i = B' ] B 
[*301-24-104-21] 

*301-242. f- : «r 6 O ft t>‘B »<<;*. B'‘ = B‘’.D.B<^1B = B'-''‘+'’'+' 
Dem. 

I- . *120-412-416 . D h : Hp . D . <r = < 0 - /i) +„ . 

[*301-23] D.B' = B--“'‘|Bm. 

[Hp.*301'21] D.B'|B = B‘^-''‘|B-+'i 

[*301-23] = jf2<r-.(*+cr+ci . 3 p . Prop 
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*301*26. h;(a<7).P = JJ'.D.(aT).PllJ = JJ" [#30116*241*242] 

*301*26. h : P e Potid‘P . = . (g<r) • P = P" 

Dem. 

I- . *301*26*2 . Induct . 3 h : P e Potid'P . 3 . (go*) .P^R’' (1) 

h.(l). *301 *22.31-. Prop 

*301*3. h:PGJ.o*€0‘?7n««P.3.P' = P = P„ = /r(?‘P 

[*300*312. *301*16*26] 

*301*31. h:PC/.<r + 0.3.P, = A [*.30048] 

The above proposition is the same as *300*48, but is repeated here to 
show the relations of P, and P". 

*301*32. h:.PG/.g!P.3;glP,. = .o* = 0 [*300*311 . *301*31] 

*301*4 h : P € Rel num .<reG*Ur\ t*‘P . 3 . P, = P*^ 

Dem. 

h . *301*2 . *121*302 . 3 I- : Hp . 3 . P, = P“ (1) 

I- . *301*21 . #121*332 . 3 

h :. Hp . a e a‘ P A <>‘P . 3 ; P. = P' . 3 . P,+a = P'+'» (2) 

h . (1) . (2) . Induct . 3 h . Prop 

*301*41. h : P, (S € Rel num . g I P^ a P" . 3 . = v . g ! (/i. +o 1) a t‘G‘R 


[*301*4*16. *300*66] 

*301*5. h : /a Xj 1/ e C"!/ A t**R . /i =[: 0 . v 4= 0 • ^ 

Dem. 

h. *117*62*32. 3h:Hp.3./i,v€C'‘f7At“‘P (1) 

h . (1) . *301*16*2 . 3 h : Hp . 3 . (P^)i = P^^'i (2) 

h . *301 *23 . 3 h ; v + 0 1 e C" P A <»‘P . 3 . (P'‘)-'+'i = (P")' 1 IP (3) 

[-.(3). *301*23. 3 

h : (^ Xo v) +0 ya e (7‘ P A <“P . (P'*)'* = P'*^''* . 3 . (P'*)’'+'* = (4) 

I-. (4). *113*671 .3 


1- :. (P'*)-* = P^'^'-* . 3 : ya X, (v +, 1) e P‘P A t»‘P . 3 . (P'‘)-+'i = P^'X't'+'O (5) 

h. *117*571*32. 3 h : /4X,(i/+,l)eP‘P A «’‘P. 3. (6) 

h . (5) . (6) . 3 h :. /i X, j; e P‘P A <»‘P . 3 . (P^)-* = Pmxc. . 3 ; 

/I X, (v +, 1) e P‘ P A t»‘P . 3 . (P'‘)'+'i = i?sxc(.+ci) (7) 
h . (1) . (2) . (7) . Induct . 3 h . Prop 
*301*501. h : /* = 0 . V 6 P‘ P A <>‘P . 3 . (P'*)*' = P'‘Xcv [»301*2*3] 

*301*602. 1- : ya, v € P‘ P A <’‘P‘P . 3.^ eG‘U a t^'P . (/a x^ v) a <“‘P eG‘U 
Dem. 

V . *300*14 . *120*5 . 3 1- : Hp . g ! (/^ Xe v) A <«P . 3 . (ya X. v) A P‘R e P‘P (1) 

h . *300*14 . 3 h : Hp . 3 . (ga, y8).ae/a./3ei;.a, ySe t‘G‘R . 

[*113*251] 3 . (ga, yS) . a x yS e ya x, v . a, y8 e <‘P‘P . 

[*113*17.*64*61] 3 . (go, /3) . a x /3 e (ya Xo v) a V“R (2) 

h . (1) . (2) . *65*13 . 3 h . Prop 


17 
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#301-603. h : v e NC ind . P A t‘C‘R e C" fTp {p*C‘R ) . D . «/ a e C‘( CT ^ ^R) 

Detti. 

I- . *300-14 . D I- : Hp . D . (ga) . a e r a t‘C‘R . 

[#106-2] D . (a®, a) . 4 a:“a evr\ t“R (1) 

h . ( 1 ) . *300-14 . D h . Prop 

#301-604. t-:fi,v€ G‘Ur^e‘G‘R . v + 0 . D . (iJ'*)- = 

[#301-5-501-502-503] 

#301-606. I- I e T>‘U . D : g ! {(+, G^UY . = .^x,veG‘U 
Bern. 

y . #120-452 . D h : g ! {(+, C‘£/'}-. s . g ! {(+, G‘UY .^eG‘U. 

[#300-232] = .•^l{U(y.^eG‘U (1) 

h . (1) . #300-52 . *301-4 . D 

h Hp . D : g ! {(+ef)D . = . g ! (fTfX . ^ C^fA. 

[#300-572] =.fXoi/€(7‘?7':.Dt-. Prop 

*301-61. h : . ^ 6 D‘ 77. D : g ! [(+, f t 0‘ tT}- A {(+„ t?) ^ C‘ 77 . 

f Xj i» 6 0‘ 77. f Xj 1 / = •»; Xo yu 

Bern. 

y . #301-506 . *300-232 . #301-4 . D 

I- ;. Hp . D : g ! {(+„ C‘77{«' a {(+,v)t C'‘77}»‘ . = . g ! (77f), a (77,), . 
[*300-571] = . f x, ve 0‘77. ^ X, p = 17 X, :. D h . Prop 

#301-62. f- : p € D‘ 77 a t‘‘R . D . (x, /t)" = x, (fi”) 

Bern. 

y . *301-2 . #113-204 . *116-204-321 . D h . (x, /j.y = Xe(/i') (1) 

H . *301-21 . D h : p e C[‘ 77 a ^‘R . D . (x, 7 *)’'+'^ = (Xc i(Xo m) (2) 

h . (2) . D I- : pe(I‘77A ^‘R.(x^fiy = x,(yu.‘'). D . (x, /*)■'+'! = x, (/*•') | (x,/*) 
[*116-52-321] = x,(/i,'+‘=i) (3) 

h . (1) . (3) . Induct . D I- . Prop 



*302. ON RELATIVE PRIMES. 


Summary of *302. 

The present number is merely preparatory for the definition and discussion 
of ratios. We want, of course, to give a definition of ratio which shall ensure 
that /a/*' = (/t Xfl t)/(i/ X fl t). Hence in defining fijv in any given type, we 
cannot exact that /i and v themselves should exist in that type, but only 
that, if pla is the same ratio in its lowest terms, p and should exist in that 
type. Hence, if we are not to assume the axiom of infinity, it is necessary to 
deal with relative primes before defining ratios. 

The theory of relative primes is concerned with typically indefinite in- 
ductive cardinals (NCind). It will be observed that we have three different 
sorts of inductive cardinals, namely NCind, NC induct, and C^U, NCind 
consists of typically indefinite cardinals, NC induct consists of all cardinals 
of some one type, and G^U consists of all existent cardinals of some 
one type. If the axiom of infinity holds, we have NC induct, and 

NC ind = sm^^NC induct. But neither of these is true if the axiom of 
infinity does not hold. It will be found that, where we require typically 
definite cardinals, it is C^U or d^U or D^G that we require, not NC induct; 
that is to say, we almost always want to exclude A, and sometimes we want 
to exclude the greatest existent cardinal of the type in question, or to 
exclude 0. Thus “NC induct*' will seldom occur in what follows. The 
cases in which C^U or D^G or G^G occurs are of two sorts: (1) where we 
are proving typically definite existent-theorems, (2) where we are concerned 
with series, as e.g. in *300, where we considered the series of existent 
cardinals, or in *304 below, where we shall consider the series of ratios. 
Wherever series are concerned, we must have typical definiteness, because 
the definition of “PeSer” involves C^P, and therefore only a homogeneous 
relation can be serial. This is a particular instance of the fact that when we 
require numbers as apparent variables (as e.g. in the theory of real numbers), 
typical definiteness becomes essential. Many propositions containing the 
hypothesis “/te NCind" (where /i. is a real variable) do not allow of p, 
being turned into an apparent variable, because this requires that p should 
be fixed in one type, and our original proposition may demand that the 
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type in which fi is fixed should be a function of /Lt. For example, ♦SOO’l? 
states 

h :/x€NCind . D.(aa)./A6C^(?7p^*'a), 

If we fix the type of fi, we thereby also fix the type of a, and the proposition 
becomes false unless the axiom of infinity is true. In fact, the proposition 
demands that, the greater becomes, the higher must the type of a become. 
‘‘NC ind” is not a strictly correct idea, and the primitive proposition *9*13 
does not apply without reserve to propositions in which it occurs. We have 
introduced it because it immensely simplifies the expression of many proposi- 
tions, and because it is easy to avoid the errors to which it might give rise if 
used without remembering that it is a concession to convenience. 

It will be found that, when we are not concerned with existence-theorems, 
or with numbers as apparent variables, " NC ind is almost always the notion 
required. This applies to all cases where we are only concerned with addition, 
multiplication, subtraction and division; it applies to ratios except when 
ratios are considered as forming a series, or when we are investigating their 
existence. As regards the use of an “NCind” as an apparent variable, 
there is a distinction between " all values ” and “ some value.” If we have 
“peNCind,” ‘‘(gp)** will often be legitimate when “(p)” is not. The 
reason of this is that, if we are to fix upon one typically indefinite cardinal, 
it will be possible to assign one definite type in which it exists ; e,g, there are 
at least two classes, four classes of classes, sixteen classes of classes of classes, 
and so on. But if we are making a statement about all typically indefinite 
inductive cardinals, it will not be true unless there is a type such that our 
statement holds of all inductive cardinals in this type. 

In virtue of ^|t300*l7, if we have “pe NC ind,” we may replace it by “pc 17” 
if we may take CT in as high a type as we please, or if, on account of the rest 
of our proposition, p cannot be greater than some assigned inductive cardinal 
so long as the hypothesis of our proposition is true. 

The above remarks will enable the reader to test the uses of typically 
indefinite inductive cardinals as apparent variables, and the passage from 
propositions concerning NCind to propositions concerning C*U, 

We define p as prime to <r when both are typically indefinite cardinals and 
1 is their only common factor, t.c. we put 

9k 302*01. Prm = pa {p, a e NC ind :p = fXoT.(r = ^XoT. • r = 1} Df 
In this definition, f, rj, r may be taken to be typically indefinite cardinals, 
because, when p== f x^t . <r = t; XoT, we must have p.r}^a .T^p.r^a, 
so that f, fj, T cannot grow indefinitely (with a given p and a} whil^ the 
hypothesis remains true. 

We define “ (p, a) Prmr (ji, v) ” as meaning that p is prime fr) <r, that r is 
not zero, and p. = p x^ r . i/ = <r x<, r, ic. pja is fijv in its lowest terms, and r is 
the highest common factor of p andf v. The definition is : 
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«302*02. (p, tr) Fruir i/) . » . 

p Prm <r mT€ NO ind — i^O * p = p XqT * v a Df 

We then put further 

♦302*03. (p, a) Prm (/a, i/) . = . (gr) . (p, a) Prm^ (ji, v) Df 

Here again there is no objection to r as an apparent variable, because t 
must be not greater than p and v. *‘(p, a) Prm (p., v) ** secures that pja is pjv 
in its lowest terms. 

We also define, in this number, the lowest common multiple and the 
highest common factor. 

Our definition of “Prm” is so framed that every inductive cardinal is prime 
to 1 (♦302*12), that 1 is the only number which is prime to itself (♦302*13), 
and the only number which is prime to 0 (♦302*14). 

After a number of preliminary propositions, we arrive at the result that 
if p and v are not both zero, and f and 17 are not both zero, the existence of 
a couple p, <r which is prime both to p, v and to f, 17 is equivalent to 
p Xo 17 « 1/ Xo f, i.e. 

♦302*34. h p, V, f, 17 € NC ind . ^ (p = = 0) • (f = 77 = 0) . D : 

p Xo 17 = P Xo f . (gp, a ) . (p, <r) Prm (p, v ) . (p, a) Prm (f, 17) 

We have also 

♦302*36. h : p, 1/ € NC ind . (p = v == 0) . = . (gp, <r) . (p, <r) Prm (p, v) 
♦302*38. I" : (p, 0*) Prm (p, v ) . (f, 17) Prm (p, i/) . D . p = f . <r = 77 

Is, there is only one way of reducing a fraction to its lowest terms. 

We prove also (♦302*16) that if p, v are typically indefinite cardinals, which 
both exist in the type of X (i.s. px, *'a € C^U), then 

(p, a) Prm (p, 1;) . = . (p, a) Prm (px, vx). 

This enables us, when we wish, to substitute typically definite cardinals for 
the typically indefinite p and v, 

♦302*01. Prm = p^ {p, <r e NC ind :p = fXcT.cr = 77XpT. • t = 1} Df 

♦302*02. (p, o*) Prm^ (p, i/) . = . 

pPrmo* . reNC ind — .p == p x^r . 1/ = o* x^r Df 

Here p, 1/ are to be typically indefinite in the same way as p x^ t and a x^ r. 
Thus if, in some one type, p x^ t and o* x^ t are both null, that does not justify 
us in writing (p, a) Prm» (A, A), because there are other types in which p x^ r 
and o* x^T are not null. On this subject, cf. ♦126. 

♦302*03. (p, a) Prm (p, v) . » . (gr) . (p, <r) Prm^ (p, v) Df 

♦302*04. hcf (p, v) * (it) {(gp, <r) . (p, <r) Prm^ (p, i/)} Df 

♦302*06. Icm (p, v) * (if) {(gp, <r, t) . (p, <r) Prm^ (/i, v) . f = p x^ a x^ t} Df 
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*302-1. 

h p Prm c7 . = : p, <7 e NC ind : p ^ ^ x^r . a r) x^r . 3^,,, 
[(*302*01)] 

t.T=1 

*30211. 

h : p Prm <7 . = . o* Prm p [*302*1] 


*302-12. 

h : p Prm 1 . = . p e NC ind [*302*1 . *117*631*61] 


*30213. 

Dem. 

h : p Prm p . = . p = 1 



h . *302*12 . 3 h : p = 1 . 3 . p Prm p 
h . *302*1 . 3 h p Prm p.3:p = lXop.3.p==l: 

(1) 


[*113*621] 3:p = l 

h.(l).(2).3h.Prop 

(2) 


31(302*14. I- : 0 Prm /i . = . /i = 1 
Dem, 

h .*302*12 . D h : = 1 . D . 0 Prm /i (1) 

h . *302*1 . D h 0 Prm /i.D:0 = 0Xc/A./A = l x<,/i.D./i = l: 
[*113*601*621] D:/i = l (2) 

h . (1) . (2) . 3 h . Prop 

*302*16. h fjL,ve NC ind . v^eC^U.D: 

(p, a) Prm (p, i;) . = . (p, cr) Prm (px, I'x) 

Dem. 

1- . *126*101 . *300*14 . D 

h Hp . 3 ; p Prm o- . r e NC ind — t^O - p = p x^ t . i/ = o* x^ t . = . 

p Prm <7 . T 6 NC ind ~ t^O - px = p x^ t . i/x = o' x^ r (1) 
h . (1) . (*302 02*03) . 3 h . Prop 

*302*2. h : p, j/€ (7^i7.«^(p = i/ = 0) . ^ = ^ {(3p, <r) . p = px<,T . i;=s <7 x^t} . 3 . 

E ! max ( UYk . max ( UYk € D' Z7 

Dem. 

h . *113*621 . 3 h : Hp . 3 . 1 € /^ (1) 

h . *117*62 . *113*602 . Transp . 3 

t-;.Hp.Te/ic.D:T</*,v.T<i/ (2) 

h . (1) . (2) . #300-21-22 . *261-26 . *300-26 . D h . Prop 

In the above proposition we write “max(i7)'ie” rather than xnm{UYiCy* 
because, since U arranges the natural numbers in descending order, ‘*min(C/)^/c” 
is the greatest number which is a member of Ky and therefore it is less con- 

fusinir to speak of this number as “ max ( UYkJ* 
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«30221. 

Dem. 


«302'22. 


I" : Hp #302'2 • t = max ( UYk . = p x^t . v = <t ."D . 

(p, a) Prm^ (/*, p) 

h . #13'12 . D h ; Hp . p = p' x^r' . <r = a' x„r . ^ . 

fi-p' XgT x„T.p = a' x^r' XgT. 

[#113'602.Tran8p.Hp] D . t' t 4= 0 . t' Xo t ^ t . 
[*120-511.*117-62] D.t'=1 (1) 

I- . (1) . *302’1 . D h : Hp . 3 . p Prm <r (2) 

t- . (2) . #302-2 . (#302 02) . D h . Prop 

:.p.,ve NC ind . ~ (p, = v = 0) . D : (gp, <r, t) . (p, a) Prm^ (p, v ) ; 

(^P, <r)‘(p,<r) Prm (fi,p) 

[#302-2-21 . #300-17 .(#302-03)] 


#30223. h p,, peD‘l7. D : (gp, <r) : p, o-eD‘i7. p Xjtr = p x^p : 

e D‘ £/■. p X, 1/ = p X, f . Df,, . f ^ p . t; ^ <r 

Dem. ■ 

h. #300-23.#! 13-27 .D 


h : Hp . /e = D‘ fTrt p {(g<r) . p x^ <r = i' x* p) . D . E ! min ( Uyic 

h.(l).#300-12. D 

h :. Hp . 3 : (gp, er) ; p, er e D‘ i7. p x^ o- = p x^ p : 

»7 € D'y. p Xo »/ = y X, f f ^ p 

I- . #120-51 . D 

!• : Hp . p, O' eJi‘U, p x^a- = V x^ p . p x^f} = p Xg ^ .0 . p Xgt) =■ a- x^^ 
h . #117-571 . D I- : Hp (3) . f e D‘ i7. f ^ p . D . f X, o- > p Xo o- 
h . #126-51 . Z> h : Hp (4) ,a'>r).O.pXg<T'>px^T) 
h . (4) . (5) . D I" ;. Hp (4) .D:<T>i/.D.fXoO’>px, 17 ; 

[Transp] ^ x^a = p x^r) a 

h . (2) . (3) . ( 6 ) . D h . Prop 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 


#30224. h :. p, V, p, <r e NO ind — l ‘0 . px^cr = p x„ p i 

p X, j; = 1 / X, ^ . f, € D‘ 17. ^ ^ p . T)'^ <T : D . p Prm tr 

Dem. 

h . #302-1 . D 

h : p, ff € D‘ ?7. ~ (p Prm < 7 ) . D . (gf, 7),t) .r^l . p = ^ x^r . a = rj x„t 
[#1 13-203-602.#120-51 l.#l 17-62] 

^ • (af> 17 , t) . 17 , T € D‘ ?7 - l‘l . f < p . 1 ; < o- . p = f X, T . <r = 17 X, T (1) 

h . #120-61 . D [• : p, j/, p, cr e D‘ 17. p x, <7 = 1 / X, p . p = f x, T . <r = 17 X, T . D . 

P x, »7 = " X, f (2) 

h . (1) . (2) . D h ; p, v, p, <7 e D^t7. p X, <7 = 1 / Xj p . ~ (p Prm o') . D . 

(a^ » 7 ) . p X, 17 = K Xjf . 17 e D‘ t7. ^ < p . 17 < o- (3) 

h . (3) . Transp . #300-17 . 3 h . Prop 
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*302-26. > : p, f e D'O". D . (ga, /9) . aeC^U . /8 <> . p = (a x, f) +, yS 
Dem. 

I- , *117-62 . *120-428 . D I- : Hp . D . p < (p + 0 1) x, f (1) 

h . (1) . *300-23 . D I- : Hp . D . E ! min (^)‘a {a e O'CT. p < (a +, 1) X. f} . 
[*120-414-416] D.(aa).aeO‘t/'.p<(a+„l)x, f .p^axjf. 

[*1 17-31.*120-452] D . (ga, /3) . a, /3 € (7‘ tT. p < (a +„ 1) x, f . p = (a x, f) +, ;9 . 
[*113-671] D . (ga, /3) . a, /3 e IT. p < (a x^ f) +« f . p = (« x, f ) +, /3 * 

[*120-442.*ll7-561.Tran8p] 

3 ■ (a“. yS) . a e (7' J7. /8 < f . p = (a Xo f) +0 y8 ; D h . Prop 


*302-26. h : Hp *302 24 . D . (p, a-) Prm (p, r) 

Dem. 

h. *302-25. D 

h : Hp . D . (ga, y8, 7, 3) . p = (a p) +« /9 . v = (7 x, a) +0 S . /9 < p . 8 < <7 (1) 
h . *113-43 . D 


h : p = (a Xj p) +0 yS . 1 / = (7 X, a) +0 8 . yS < p . 8 < a . p Xp a = V Xj p . D . 

(aXpp Xoa)+p(/3 x^a) =(7 x^p Xpa ) +0 (8 Xp p) . ^ < p . 8 < a . ( 2 ) 
[*117-31.*120-452.*113-671] 

3 . a Xp p X, a < (7 +p 1 ) Xp p Xp a . 7 Xp p Xp a < (a +p 1 ) Xp p Xp a . 
[*126-51] D.a< 7 +pl. 7 <a+pl. 

[*120-429-442.*117-25] 3.0 = 7 (3) 

I- . (2) . (3) . * 120 - 41 . 3 t- : Hp (2).3./9Xpa=8xpp./9<p.8<a. 

[Hp] 3./9 = 0.8 = 0 (4) 

h . (3) . (4) . 3 h : Hp (2) .3.p = aXpp. p = axg<r (5) 

h . ( 1 ) . (5) . *302-24 .31-. Prop 


*30227. 

Dem. 


h : fi,p,p, a, f,i;eNC ind-i‘0 .p Xpa = i/ Xpp . p Xpij = 1/ Xpf . 3 . 

f Xpa = i7Xpp 


h .*113-27 .31-: Hp. 3. f XpV Xpa = 7; x,p Xpa 
[Hp] =»?Xpi/Xop. 

[*126*41] D.fXe<r = 77X^/o:DI“. Prop 


*302*28. I- : Hp *302*24 • ^,tj€ NC ind — i*0 , ^x^rj = v . 

(p, a) Prm (f, tf) [*302*26*27 . *300*17] 

*302*29. h : Hp *302*28 . ^ Prm tj ^ — p .rj ^ tr 
Dem, 

h. *302*28*1.3 

l-:.Hp.3:(ga).f = oXpp.i, = oXpa:f = aXpp.»7 = 0Xpa.3 ..a=l : 
[*14-122] 3:f=lXpp.»; = lx 9a;. 3I-. Prop 
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«302-3. h : /A, I/, 17 € NC ind — . /i. 97 = i/ f • D - 

(a/®» <^) • Prm (/i, v ) . (p, or) Prm (f, 97) 

Dem, 

h.9ii302-23-24.D 

h Hp . D : (gp, <r) : p Prm o- . p, <r e NC ind — . /a x,, cr = 1 / Xq p : 

Clf ^ • p» X0 ^ — 1/ X0 (X ■ <3(1^ /3 ■ P * ^ ^ • 

[9|t302*26*28] D : (gp, cr) . (p, a) Prm (/x, i/) . (p, <7) Prm (f, 97) D h . Prop 

9lt302’31. h : (p, O’) Prm (/a, i/) . p. Prm i/.D./A==p.j/ = o* 

Dem, 

V . *302*1 . (*302*02*03) . D 

t-;.Hp.D;(aT)./* = />XaT.i/ = <rXoT:/<. = p x,t.i/ = <7-x,t.Dt.t = 1 ! 

[#14'122] D./i = pXol.i^ = <rXol:.DI-. Prop 

)K302'32. h : f Prm Proa v . ^ x^v = t] Xgfi.O • ^ = ft •■>} = p 
Dem. 

* I- . *302-3-31 . D 

h : Hp . D . (ap, <r) . p Prm (r.f = p.p. = p.7; = a-.i; = o-;Dh. Prop 

^302*33. h s • ftf j', € NC ind — • 3 • 

/* Xo »7 = v X, f . = . (ap, <r) . (p, <r) Prm (/*, p) . (p, <r) Prm (f, 17) 

Dem. 

i- . Id . (#302 02-03) . D h : (p, 0-) Prm (/t, v ) . (p, <r) Prm (f, »,) . D . 

(a-r, t') . T, t' e D‘I7. p = p X, T . K = o- X, T . f = p X, T. »? = <T Xo t'. 
[#113-27] D . (ar, t') . p Xo i; = p Xo <T Xe T Xo t' = K X, f (1) 

h . (1) . #302-3 . D H . Prop 

#302-34. h p, v,^,7fe NC ind . ~ (p = !> = 0) . ~ (f = 77 = 0) . D : 

P X, 17 = »/ x, f . = . (ap, a-) . (p, a) Prm (p, i/) . (p, a) Prm (f, 77) 

Dem. 

h. #113-602. Di-:Hp.p = 0.i;+O.D.f =0.77=1=0 (1) 

h. #113-602-621. 3 

l■:p = 0.l>^0.f = 0.774=0.D.p = 0XaI/.l/=lXgV.^ = 0x,77 . 77 = lXo77. 

[#302-14] 3 . (0, 1) Prm (p, v) . (0, 1) Prm (?, 77) (2) 

h . (1) . (2) . 3 h : Hp . p = 0 . »/ + 0 . 3 . 

(ap> <^) • (p- «■) (/*> *') • (p> O’) Prm (f, 77) (3) 

Similarly h : Hp .i/ = 0.p=f0.3. 

(a/». 0-) . (p, <r) Prm (p, v) . (p, a) Prm (f, 77) (4) 

I- . (3) . (4) . #302*33 . 3 h . Prop 

#302-36. h :. p, 1/ e NC ind . ~ (p = v = 0) . p Prm a- . 3 : 

p Xo or = v Xj p . = . (p, <r) Prm (p, v) [#302'34-14-31] 


E.<6w. m. 
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91^302*36. 1 NC ind . (/4 = i' = 0) • = . (g/>, a ) . (p, cf) Prm (/i, v) 

Dem. 

h . ^k 302-14 . D I- (p, <r) Prm (/x, i/) . D : 

p, o- € NC ind . ^ (p = cr = 0) : (gr) . t e NC ind ~ . p = p r . i/ = <r r : 

[*120*5.^113-602] D : /A, 1 / € NC ind . (/X = 1 / = 0) (1) 

h . (1) . ^302*22 . D h . Prop 

9|(302‘37. h : (p, o-) Prm (p-, z/) . = . 

p, 1 / € NC ind . (p = 0 . 1 / = 0) . p Prm a • /jl x^ar = v x^p [5|e302’35’36] 

^302*38. h : (p, < 7 ) Prm (p, v ) . (f, 7 ;) Prm (p, z/) . D . p = f . cr = ?/ 

Dem, 

h . ^302*37 • D h : Hp . D . p Prm o* . ^ Prm rj , fix^a ^ v x^p • fix^rj ^ v x^^ . 

(p = 0 . = 0) (1) 

h.(l).9le302*14.*113‘602.Dh:Hp.p = 0.D.p = 0.^=:0.o-=l . 77=1 (2) 
h . (1) . 91^30214 , *113-602 ,Dh:Hp.z/ = 0.D.p = l.^=l.<r-=0.77 = 0 (3) 
h . *302*27 . D h : Hp , • p x^t) ^ a x^^ » 

[(1) . *302*32] D . p = ^ - o- = 7 ; (4) 

f-.(2).(3).(4).Dl-.Prop 

*302*39. h : (p, <r) Prm (p, z/) . D - p ^ p . z/ ^ <7 
Dent, 

h . *302*23-36 . D h p, 1 / 6 D^tr. D : 

(ap> "• {p^ (P'. S V € t/'. p Xo 7 ; = z/ x^ f f ^ p . 7 ; ^ (7 : 

[*113*27] D : (gp, < 7 ) - (p, < 7 ) Prm (p, z^) . p ^ p - z' ^ o- ; 

[*302*38] D : (p, < 7 ) Prm (p, z/) • D . p ^ p . z' ^ o- (1) 

1“ . *302*37*14 . D h : p = 0 . (p, < 7 ) Prm (p, z^).D.z'^0.p = 0.<7 = l (2) 

Similarly h : z/ = 0 . (p, < 7 ) Prm (p, z/) . D . p =f 0 . p = 1 . <7 = 0 (3) 

h . (2) . (3) - D h (p, < 7 ) Prm (p, z/):p = 0.v.z^ = 0:D.p^p.z/^<7 (4) 

h . (1) . (4) . *302*36 . *300*17 . D h . Prop 

*302*4. h : p, z/ 6 NC ind . (p = z/ = 0) . D . E ! hcf (p, z/) 

Dem, 

I- . *302*22 . D h : Hp . D . (gp, < 7 , t) . (p, < 7 ) Prm^ (p, z/) (1) 

h. *302*38. (*302*02*03). D 

f- :(p,c 7 )PrmT(p,z/) .(f, 7 ;) Prm-a,(p, z/).D.p ==|. (7 = 77 . p=:pXgT.p=fXo tar. 
[*126*41] D . T = ty (2) 

h . (1) . (2) . (*302*04) . D h . Prop 

*302*41. h : p, z/ € NC ind - (p = z' = 0) . D . E ! 1cm (p, z/) 

[Proof as in *302*4] 
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¥30242. h : ft, 1 / 6 NC iud . oo (ft = y = 0) . D . hcf (ft, v) Xq Icm (ft, v)^ fix^v 
Dem. 

h . ¥302-4*41 . (¥302-04-05) . D h : Hp . D . 

(3P> O', t) . ft = p Xq T . 1/ = cr Xq T . hcf (ft, I/) = T . 1cm (ft, i/) = p x^ cr x^ t . 
[¥ll3*27.¥ll6‘34] D . (gp, o-, r) . ft x^i/ = p x^ o x<jT*. 

hcf (ft, 1 /) Xe 1cm (ft, z/) = p Xq <7 Xc : 3 h - Prop 


¥302*43. h : (p, o') Prm (ft, z/) . 3 . p x^ hcf (ft, z;) = ft . o' x^, hcf (ft, z/) = z/ 
[¥ 302 * 4 . (¥302 02 * 04 )] 

¥302*44. h : (p, a) Prm (ft, z/) . 3 . p Xg z/ = 1cm (ft, i/) = o- Xg /t 
[¥ 302*41 . (¥302 02 05 )] 


¥302*45. 

Dem. 


h : (p, O') Prm (ft, i^) . ^ e NC ind • (^ = ,, = 0) . /* x* i; = 1/ X J I . D . 

1cm (f, »/) = p X, f = <7- X, i; 

h . #302-37 . D h ; Hp . D . (p, ff) Pnn (f, tj) (1) 

h . (1) . *302-44 . D h . Prop 



*303. RATIOS. 


Swmmary of *303. 

In this number, we give the definition and elementary properties of the 
ratio /i/i/. Most of the important applications of ratios are to numerical or 
identical relations, i,e, to relations which may, in a certain sense, be called 
vectors. Neglecting identical relations for the moment, let us consider 
numerical relations, and to fix our ideas, let us take distances on a line. 
A distance on a line is a one-one relation whose converse domain (and its 
domain too) is the whole line. If we call two such distances R and 8, we 
may s^y that they have the ratio /a/i/ if, starting from some point a?, 
V repetitions of R take us to the same point y as we reach by fi repetitions 
of 8, i.e. if ncRy . ic8^y. Thus R and 8 will have the ratio fijv if g ! -B*' A 8^. 
In order, however, to insure that iijv = pja if (p, a) Prra (/a, v), it is necessary, 
in general, to substitute a ! n for g ! iZ*' A 8^. (In the above case 
of distances on a line, the two are equivalent.) Thus we shall say that iZ has 
the ratio fijv to S if (gp, a ) . (p, a) Prm (/a, v)*^\R^ f\ 8^. 

If we apply the above definition to identical relations, we find that, 
if RQl •80,1, R has the ratio fijv to 8 provided g ! iZ A fif, i.e. pfovided 
g ! C^R A C*8. This application is required for dealing with zero quantities 
and zero ratios. 

/ 

Thus we are led to the following definition of ratios : 

*303 01. fAjv = {(ap, a ) . (p, <t) Prm (/a, i^) . g ! Df 

This definition, as it stands, requires justification in two respects : (1) we 
commonly think of ratios as applying to magnitudes other than relations, 
(2) we should not commonly include as examples of ratio certain cases included 
in the above definition. These two points must now be considered. 

(1) In applying our theory to (say) the ratio of two masses, we note that 
the idea of quantity (say, of mass) in any usage depends upon a comparison 
of dififerent quantities. The vector quantity” iZ, which relates a quantity mj 
with a quantity is the relation arisiug from the existence of some definite 
physical process of addition by which a body of masfc rrii will be transformed 
into another body of mass Thus a such steps, symbolized by iZ'. 
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represents the addition of the mass — nii). Similarly if is the relation 
between and Mi which arises from the process of addition turning a body 
of mass Ml into another body of mass then symbolizes the addition of 
the mass p (if, — ifj). Now g ! a means that there are a pair of masses 
m and m', such that mR^rn! and mS*m\ In other words, if we take a body A 
of mass m and transform it so as to turn it into another of mass m -f o- (m, — mj), 
we obtain a body of the same mass fn as if we proceeded to transform A into 
a body of mass m -f p (if, — ifi). Hence a (m, — rrii) =» p (if, — Mi ) ; that is 
(m, — mi)/(ifa — Ml) = p/<r. But in our symbolism the addition of w, — mj is 
represented by the vector quantity R, and that of if, — ifi by the vector 
quantity S\ so in our symbolism R has to 8 the ratio of p to cr. 

Thus to say that an entity possesses units of quantity means that, taking 
U to represent the unit vector quantity, 17^ relates the zero of quantity — 
whatever that may mean in reference to that kind of quantity — with the 
quantity possessed by that entity. 

It can be claimed for this method of symbolizing the ideas of quantity 
(a) that it is valways a possible method of procedure whatever view be taken 
of it as a representation of first principles, and (fi) that it directly represents 
the principle *‘No quantity of any kind without a comparison of different 
quantities of that kind.” 

Furthermore analogously to our treatment of cardinal and ordinal numbers, 
we can define any definite quantity of some kind, say any definite quantity of 
mass, as being merely the class of all ‘‘bodies of equal mass” with some given 
body. The zero mass will be the class of all bodies of zero mass ; and if there 
are no bodies with the properties that a body of zero mass should have, this 
class reduces to A in the appropriate type. 

Thus the application of our symbolism to concrete cases demands the 
existence of a determinate test of “ equality of quantity ” of different entities, 
and a determinate process of “ addition of quantity.” The formal properties 
which the process of addition must possess are discussed in the numbers 
concerned with vector families. 

(2) Having now shown that cases apparently excluded by our definition 
of ratio can be included, we have to show that no harm is done by our inclusion 
of cases which would naturally be excluded. In order that ratio may agree 
with our expectations it is necessary that the two relations R and S, whose 
ratio we are considering, should have the same converse domain. Otherwise 
we get such cases as the following: Let P, Q be two series, and suppose* 
P'P*»P^Q, 5p = 6q, 11p = 9q, 13p = 25g, but that P and Q have no other 
terms in common. Then we shall have, if P = Pi . = Qj, 

(£^P)P*5p-(P'P)/S»5p, 

* For notation, of. *121. 
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whence it follows that i? has to S the ratio 6/4, i,e, we have 72(6/4)5. But 
we shall also have 72(8/10)5 and 72(24/12)5, ie. 72(4/6)5 and 72(2/1)5. 
Thus our definition does not make different ratios incompatible. In practical 
applications, however, when 72 and 5 are confined to one vector-family, 
diflferent ratios do become incompatible, as will be proved at the beginning 
of Section C. And so long as we are not concerned with the applications 
which constitute measurement, the important thing about our definition of 
ratio is that it should yield the usual arithmetical properties, in particular the 
fundamental property 

/i/v = /)/<r . = . /t X, <r = V X, />, 

which ite proved, with our definition, in *303*39. Thus any further restriction 
in the definition would constitute an unnecessary complication. 

In virtue of our definition of /t/i/, /i/i/ = A if fi and v are not both inductive 
cardinals, or if /x = p = 0 (*30311T4). We have (*303*13) h . fijv = Cnv^(v//i), 
i.e. the converse of a ratio is its reciprocal. If /i = 0, and R{fijv)Sy 72 must 
have a part in common with identity (which we may express by saying that 
72 is a zero vector), and 5 may be any numerical or identical relation whose 
field has a member which has the relation 72 to itself (*303*15). Thus if v, a 
are inductive cardinals other than 0, 0/i/ = 0/<r. The common value of ratios 
whose numerator is 0 is the zero ratio, which we call 0^ (where is intended 
to suggest quantity”). The definition of 0^ is 

*30302. O^-s^O/^'NC induct Df 

In like manner, if fi and p are inductive cardinals other than 0, we have 
yLi/O = p/0. The common value of such ratios we call oo putting 

*303*03. 00 q ^VO^^NO induct Df 

The properties of ratios require various existence-theorems, and in estab- 
lishing existence-theorems without assuming the axiom of infinity, the question 
of types requires considerable care. We have 

*303*211. h : (p, <r) Prm (/4, i/) . D . p^jv = pl<r 

so that the existence of fijv does not depend upon p, and i/, but upon p 
and <7, where p/<r is pjv in its lowest terms. We may, therefore, in consider- 
ing existence-theorems, confine ourselves, in the first instance, to prime 
ratios. 

To prove the existence of (p/<r)P ^^72, when pPrm or, we take two relations 
72 and 5 both contained in identity. These have the ratio p/<r provided their 
fields have a member in common and E 1 72®’. E ! 5^ By *301*16, this requires 
p, <r € C\ 2*^72). Thus we have 

*303*26. h p Prm o* . D : 

a ! (p/<7) ^ 2^72 . = . p, (T € C\Ul t^^R ) . - . p (72), <r (72) 6 C^U 
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But this existence-theorem, which is obtained by supposing R and S 
contained in identity, is not much use in practice : what we require is the 
existence of a ratio between numerical relations. For this purpose, assuming 
and 0 - 4^ 0, let X be a class of such a type that Nc*^^X ^ p -f-^ 1. (Such 
a class can always be found in some type, by ^1^300*18.) Then we have 
pAeQ^U, and we can construct a series Q such that C^Q is of the same type 
as X and Nc^C'Q = p -f 0 1. (This is proved in *262*211.) We can then choose 
out of Q a series P having the same beginning and end, and consisting of 
or -fo 1 terms. We then have 

(B^Q) (Q^y (B^Q) . (B^Q) {P.Y {B^h 

Hence Pj and Qi have tbe ratio p/o-. A similar argument applies if <r^p 
and p 4= t). Thus we arrive at tbe proposition : 

*303*322. h : p Prm o- . px , o-x e D‘ (7 a f7. D . g ! (p/o*) ^ (Rel num a teo^X) 

I.e. if p is prime to a and neither is 0, and p +c 1, o* +o ^ exist in the 
type of X, then there are numerical relations having the ratio p/o* and having 
their fields of the same t)q)e as X. 

The case when either p or o* is 0 requires separate treatment. If R has 
to S the ratio O/o*, R must be partly contained in identity (*303*15); hence 
we have to find a hypothesis for g ! (0/<r) [ Rel num, since g ! (O/o*)^ Rel num 
is impossible. Since 0/<r = 0/1, we only require the existence of 2 in the 
appropriate type, i.e, we have 

*303 63. 1“ : g ! 2x . D . g ! O 5 f (Rel num a foo^X) 

It will be remembered that g ! 2x is demonstrable except in the lowest 
type. 

In the above propositions, fi and v and p and a have been typically in- 
definite. Ratios of typically definite inductive cardinals are dealt with by 
means of *302*16, which gives at once 

*303*27. h : /i, 1 / € NC ind . p-x, i'a € (7^ CT. D . /i/i/ = p-x/^'x 

I,e, a ratio may, without changing its value, have its numerator and 
denominator specified as belonging to any type in which both exist. This 
enables us to take p and <r as typically definite cardinals in *303*322, thus 
obtaining the proposition 

*303*332. h r.pPrm <r . D : g ! (p/o-)^ (Rel num a tiip ) . = .p, <r eD^tfA d^U 
The above existence-theorems are useful in proving 
= 7/8 . = . a 8 = ;8 Xo 7. 

We proceed as follows: We first show (*303*34) that, if p, c are inductive 
cardinals other than 0, and p +« 1, cr exist in the type of X, we can find 
numerical relations R and S such that g ! a 5fp, but ?/ > o* . D . ^g ! 22^. 
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This is done by taking two series P and Q having the same beginning 
and end, and having C^P e cr 1 . C^Q 6 p -ho 1- Then if R — Pi and ^ = Qi, 
we have 

{B^P) R<^ (B^P ) . (B^P) (P^P) : 77 > (T . D . 2^ = A, 

whence the result. From this proposition it follows immediately that if 
p Prm <r . f Prm t; . 77 > <r, and if p^y (TxeD^Un CPUy we can find an R and 
an S such that R (pja) S nf^[R (f/ 77 ) P}. A similar argument applies if 77 <<r 
or f > p or f < p. Hence we find, by transposition, 

^303'341. h : px , <rx 6 D' ?7n P. p Prm a . f Prm 77 . (p/o*) = (?/v) ^ • 

From this point on, the argument offers no difficulty. For if we have 
a/^ = 7/^ • (P> Prm (a, /S) . (|^, 77) Prm (7, 8), 
we have, by ♦303‘341‘211, p = f.<r = 77. Hence, by ^|t302*32, we have 
a Xg 8 = )9 Xq 7. What is approximately the converse, i,e. 

91(303*23. h : /Lt, I/, f, 77 € NO ind . 

oo(yLfc= J/= = = 0) . p, Xo77 = V Xo f . D . f/77 

follows at once from 71(303*211 and *302*3. Hence, after dealinsf with 

special cases, we find 
* 303 * 38 . h a, 7, 8 € NC ind : 

cca, /Sa € J7. V . 7x, 8x 6 ET: (a == /8 = 0) . (7 = 8 = 0) : D : 

(a/)8)D = (7/^)D . = . a Xo 8 = /3 Xo 7 

It will be observed that ct/y9 is typically indefinite, like Nc^f. But in 
order to insure that a/^ = 7/8 however the type maybe determined, it is only 
necessary to insure that this equation holds in a type in which (a//8)^ Rel num 
exists. When we write simply ‘‘a/y9 = 7/8,'' we shall mean that this equation 
holds however the type may be determined ; in other words, that it holds in 
a type in which (a//8) [, Rel num exists. (There always is such a t3rpe, if 
a, /8 e NC ind — i^O, in virtue of *303*322 and *300*18.) Thus we have 
* 303 * 391 . 1* a, /9 e NC ind . ax, /9x e ~ (a = /3 0 ) . D : 

(a//3) p ^oo^A, = (7/^) P ^oo^A . = . ctj^ ==7/8. = .ax^8 = ^XQ7 
and, in virtue of *303*38, we have 
* 303 * 39 . H a, yS, 7, 8 e NC ind . ro (« = = 0) . ~ (7 = 8 = 0) . D : 

a/y8 = 7/8 . = . a Xo 8 = /9 Xe 7 
This proposition is, of course, essential to the justification of our definition 
of ratios. 

The remaining propositions of *303 cojnsist (1) of applications of the 
theory of ratio to powers of a given numerical relation, (2) of properties 
of Og and 00 (3) of a few properties of the class of ratios. This last set 

of propositions depends upon two new definitions, which must be briefly 
explained. 



SECTION a] ratios 265 

We have already explained that fijv is typically indefinite. Thus if we call 
^ijv a “ratio/' ratios are, like “NCind," not strictly a class, because every 
class must be confined within some one type. Nevertheless it is convenient, 
just as in the case of NC ind, to treat ratios as if they formed a class; and, 
with similar precautions, we can avoid the errors into which we might be led 
by treating them as a proper class. We therefore put 

*303-04. Rat = X {(g/a, v) , fi.ve NC ind . 4^ 0 . Z = fi/v] Df 

(The condition 4 ^ introduced because it is usually convenient 

to exclude oo g,) It will be observed that fijv is still typically indefinite if 
and V are typically definite. This results from *303‘27. But we often want 
typically definite ratios. We want these defined in types in which there are 
numerical relations having the ratios in question. Hence we put 

*30306. Rat def = 1 ((a/i, j/). /^, V eD‘t7n a* 17. Z = (/*/»/) DC/*} Df 

Here “def” stands for “definite," and /i, v are typically definite inductive 
cardinals. The desired properties of “Ratdef" result from *303*322. It 
should be observed that, besides consisting of typically definite ratios, 
“Ratdef" differs from “Rat" by the exclusion of 0^. This is merely for 
reasons of convenience. 

The properties of “ Rat " and “ Rat def" follow immediately from previous 
propositions. We have 

*303 721. h : Z € Rat - t^Og . D . (g/a) . Z p e Rat def 

*303*73. h : Z e Rat def . D . g ! Z ^ Rel num 
By *303*322 ; and by *303*391, 

*303*76. h Z, Fe Rat . Z p tn^p € Rat def. 3 : Z^ = Fp tn^p . = . Z = F 

If the axiom of infinity holds, every member of “ Rat " except Og becomes 
a member of “ Rat def" as soon as it is made typically definite. Hence 

*303*78. I- : Infin ax . 3 . Rat def = Rat — i^Og 

The uses of “ Rat " and “ Rat def" differ just as the uses of “ NC ind " and 
“ NC induct” differ. The distinction is only important so long as the axiom 
of infinity is not assumed. 


*30301. M/p = M((sp,cr).(p,a-)PnD(fi,J').SlIi'<^<S») Df 

In the above definition, p, a, p, r are typically ambiguous, but p, cr must 
(by *301*16) exist in the type of while p, i/ need not do so; /i, y cannot, 
however, be null in all types, by *300*17. 

*30302. 0^ = i^0/''NC induct Df 
*303*03. X ^ = s^/O^^N C induct Df 
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*303'04. Rat = ^ {(3M) v) ■ /*, w e N C ind . i/ sj= 0 . X = /x/v} 

*30305. Ratdef= .Y {(a/it, i') ./i, I'eD'fTn Q'lT. X = <uV} 

*3031. l-;R(/t/r)<S. = .(ap,<r).(p,o-)Prm(/*,i/).aliJ'n<S<' [(*30301)] 

*30311. l-:~(/i,i/eNCind).D./t/i; = A [*3031 . *302-36] 

*30313. h . /i/j/ = Cnv\vlfx) [*303-1 . *302-11] 

*303-14. 1- . 0/0 = A [*303-1 . *30236] 

*303-15. h : R (0/v) S . = . i/ e NC ind - 1‘0 . g ! R A / [ C‘-S . 

= .ve NC ind — 1‘0 . g ! G‘S r» ^ (xRx) 

Bern. 

I- . *302-14-38 . *303-1 . D 

I- ; R (O/i/) S. = . K e NC ind - 1‘0 . g ! A . 

[*301-2] = . 1 . 6 NC ind - i‘0 . g ! R A / [ C'-S : D h . Prop 

*303151. H,S€ Rel nuin id . D : R (O/v) S . = . 

v e NC ind — 1‘0 . R c R1‘/ . S e Rel num id . g I C‘R n C‘S 
[*303-15 . *300-324-3] 

*303-16. 1- : R (/t/0) S . = . /* e NC ind - 1‘0 . g I -S A i [ (7‘R . 

= . (a 6 NC ind - 1‘0 . g ! 0‘R n $ {wSa;) [*303-16-13]- 

*303-161. h R, iS e Rel num id . 3 : R (/a/0) S. = . 

fi € NC ind — GO .Re Rel num id . S e R1‘/ . g I C‘R f\ C‘S 
[*303151-13] 

*30317. h fi.ve NC ind — 1‘0 . R, N e Rel num id . R (fx/v) S .D : 

R,Se R1‘/ . V . R, (S e Rel num 

Bern. 

h . *303-1 . *113-602 . D 

1- :: Hp .D :.R,Se Rel num id : (gp, o-) . p, o- e NC ind — t‘0 . g ! R' A /Sf<> 
[*300-33.*301-3] 

Oi.Se Rel num id R e R1‘/ : (gp) . p e NC ind — 1‘0 . g ! R A /S" ; v ; 

R e Rel num : (gp, o-) . p, o- e NC ind — 1 ‘ 0 . g ! R' A 
[*300-3] D:. iSe Rel num id R eRl‘/ . gl /A/Spo - v . R e Rel num • g! «/ ARp^ 
[*300-3 33] D R, Re R1‘/ . v . R, R e Rel num :: D h . Prop 
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^1^303 18. h /i, 1/ € Ult^^R .R.Se Rl^J . D : 

R(^lv)S. - .R(0/v)S. = .R(fi/0)S. = . a ! C^RnC^S 
[*3031151-16. *301-3] 

*303*181. : a ^ (W^) • = " (H/^» - (p* (P'f 

Dem. 

H . *303*1 . D h : a J (P'/^) • ^ • (p^ Prni (p> *') (1) 

h . *301*3 .*300*325*17 . D h : (/a, cr) Prm (m, i^). D . (aaj).(a? J, a;) (^/v) (x | ^r) (2) 
h . (1) . (2) . D h . Prop 

In the above proposition, if fijv is typically indefinite, so that 
only asserts existence in a siiflSciently high type, p, <r may also be typically 
indefinite. But if pjv is to be taken in a definite type, p and a must be taken 
in the corresponding type, and must not be null in that type. This is proved 
later. 

*303*182. h 0/0 = pbjv . = : ^ (/a, i/ € NO ind) . v . /a = i/ = 0 

Here the equation 0/0 = pjv is assumed to hold in a sufficiently high type. 
Dem, 

I- . *303*14 . D h 0/0 = fxjv • D : pjv = A : 

[*S03181.*302*36] D : (/i, i/ € NC ind - t^O) . v . /a = v = 0 (1 ) 

h.(l). *303*11*14. Dh .Prop 

*303*19. h : R {p/v) S. = .R (p/u) S [*303*1 . *121*26] 

*303*2. h :. (p, or) Prm (/a, i/) . D : J2 (p/i^) ^ . a • ^ 

Dem. 

h . *303*1 . D h : Hp . a ! A fifp . D . i? (p/p) S (1) 

h . *302 38 . *303*1 . D h : Hp . ii (p/v) S.D.^lR^nS^ (2) 
h . (1) . (2) . D h . Prop 

*303*21. h p Prm 0 - . D : J? (p/a) S R<^ n Sf> [*302*31 . *303*1] 

*303*211. h : (p, <r) Prm (p, i/) . 3 . p/v = p/a [*303*2’21] 

*303*22. h : p Prm a* p,v€ NC ind ,r^(p = p = 0)» p <r= p^qP • D* p/v = p/a 
[*302 37. *303*211] 

*303*23. l p,Vy^y7) € NC ind . <^{ya = 1 ^= 0).‘^(^ = 77 = 0) .ya Xq-i; = X/ Xq D. 

p/v = ^/77 [*302*3 . *303*211] 

*303*24. h : ya, 1 / € NC ind . (ya = = 0) . 3 . (ap, • p Prm a . p/v == p/a 
[*303 211. *302*22] 

The following propositions give typically definite existence-theorems for 
ratios. 
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*303-26. VupVxma.^:^l{pla)it^R.^.p,tr€C\Ult^^R).^.p{R),<T(R)^^^ 
I.e, if p Prm cr, there are relations of the same type as R and having the 
ratio p/cr when, and only when, the number of relations of the same type as R 
is at least as great as p and at least as great as a, 

Bern, 

h . *303-21 . D I- Hp . D : a ! (p/(r)C . D . (afif, T) . E ! . E 

[*301-16] D . p, cr € G^Ul i?^R (1) 

h. *30116-3.Dh:.Hp.D: 

p,a€C^ i^^R . w € tffC^R . D . (a? 4 i ^ ^ (2) 

h. (2). *303-21 . D 

h Hp . D : p, cr € t^^R . x e t(fC^R . D . (a? ^ a?) (p/o*) {x | x) (3) 

h. (1). (3). *63-18. Dh. Prop 

*303*251. V i fjLyveC^ U\, t^^R . ^ (/a = i/ = 0) . D . a 1 (W*') t 
Bern, 

h . *302-36-39 . D h : Hp . D . (ap, <r) . (p, cr) Prm (p., i/) . /i ^ p . i/ ^ cr . 
[*117-32] D . (ap, (t) • (p, cr) Prm (p, i/) . p, cr e 0' 1?^R . 

[*303-211-25] ‘ 3 . a ! (p/t')D : 3 H • Prop 

*303-252. h : p, 1 / € NC ind n (p = i/ = 0) . D . a ^ (m/^) t 

Bern, 

h . *64-51-56 . D h : p = Nc^a . a e t^G^R . x e t^^G^R . D . 4 e p n ^^R (1) 

h . (1) . *300-14 . D f- : Hp . 3 . p, V € (7^ t^^R (2) 

h. (2). *303-251. Dh. Prop 

In the above proof, p, v are assumed to be typically indefinite. If they 
are typically definite, sm^^p and mx*^v must be substituted for p and v on the 
right-hand side of (1) and (2). The hypothesis p,v€ NC ind a C' J7p t^^G^R ” 
is a convenient abbreviation for 

“ p, i; e NC ind . P A t^G^Ry v a t^G^R eG^Ul t^^G^R . ” 

By *65-13, 

p A t^G^R e G^ Ul t^^G^R . = . p C t^G^R . fie G^U^ t^^G^R , = . fie G^ U^t^^G^R. 

Bxxt** fieG^U^t^^G^R"' requires that p should be typically definite, whereas 
"peNCind” requires that p should be typically indefinite. Hence the 
hypothesis of *303 252 is only defensible as an abbreviation, meaning 
“p,i/€NCiud, and if p, v are given the suitable typical definition, they 
become members of G^U^t^^G^RJ* 

*303*263. Vi fiyve NC ind a G^U^ (p = i/ = 0) . D . g I (fi/i^)t 
[*303*252] 

*303*254. h : p, 1 / € NC ind . p;^, va ^ (p = i/ = 0) . D . g ! (ji/p) ^ <oo^X 

[*303-263. (*66-01)] 
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«303'26. h:yii,i/eNCind.~(/i=i; = 0).D. (gX) . a ! (jijv) ^ <oo‘X 
[* 303 - 254 . * 300 - 17 ] 

*303-27. ^ : fi,v el^Gind. iM\,VKeC‘U . (i/v = fi\/vK [* 302-16 . * 303 - 1 ] 


*303-3. h ! p Prm <r . g ! . D . Pp {p/<r) P" 

Dem. 

h . *301-16 . *14-21 . D !■ : Hp ,'^.px^<reC‘Urt 1^‘R (1) 

h . (1) . *301-5 . D h : Hp . p + 0 . <r + 0 . D . (P")' = P<»<«'' = (P'y . 
[*303-21] D . Pp (p/a) P” (2) 

h. *301-2. Dh:Hp.p = O.D.pp = /|-(7‘P = pp^c.r.^j7|^(7^p (3^ 

h- .*302-14 . D I- : Hp . p = 0 . D . <r = 1 . 

[*301-2] D.P' = P (4) 

h . (3) . (4) . D 1- : Hp . p = 0 . D . a ! (Pp)' n (P<')p . 

[*303-21] D . Pp (p/a) P' (5) 

Similarly 1- : Hp . o- = 0 . D . Pp(p/<r)P‘' (6) 

h.(2).(.5).(6).Dh.Prop 

*303 31. h- : p Prm <r . p 4= 0 . o- ^ 0 . (p a-) n t‘\ e (I‘ f7 . D . 


(a-P) • P € Rel num f\ <oo‘X . Pp (p/a) 

Dem. 

h . *300-46 . *301-4 . D 1- : Hp . D . (aP) . P 6 Rel num . (B‘P) Ppx»p (P‘P) (1) 
H . (1) . *303-3 . D h . Prop 

*303 311. 1- : Pa, o-A € Q' f/"— 1‘0 . p ^ o- . D . (aP, Q). P e (p +0 l)r • Q e (a +5 1), . 

P,Qe<„o‘X.QGP.P‘P = P‘Q.P‘P = P‘Q 

Dem. 

h . *262-21 . D 1- : Hp . D . a ! (P +0 l)r ft <oo‘X (1) 

h . *117-22 . D I- ; Hp . P e (p +0 l)r • 3 • (a«) • « C C‘P . a e o- +5 1 (2) 

h . *261-26 . *206-732 . D 
h : Hp . P 6 (p +0 l)r • « C C‘P . a e <r +, 1 . 

^ = (0 — t'minp'a— t‘maxp‘a) w t‘P‘P w i‘B‘P.O.fiea+ol . 
[*250-141 .*202-65] D.Pt/36(o-+ol), (3) 

1 - . ( 1 ) . (2) . (3) . *205-66 . D h . Prop 

*303-32. h : p Prm a-.p^<r.o-=^0.pAeC[‘i7.3. 

a ! (p/<r) t (Rel num n <oo‘5^) ft (Ppo ^ -Slpo) 

Dem. 

h . *303-311 . D h : Hp . 3 . (aP, Q) . P e (p +0 l)r • Q e (<r +0 l)r ■ P, Q « <oo‘^ • 

QQP.B‘P^B‘Q..B‘P^B‘Q (1) 

h . *300-44-46 . *301-4 . D 

I- : Hp . P €(p +„ 1), . P, . D . /S € Rel num . (B*P) iSo(P‘P) 


( 2 ) 
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Similarly 

I- : Hp . Q e (o- +0 1 . JB = Q, . D . i? e Rel num . (B‘Q) R’ (R‘Q) 

1- . (1) . (2) . (3) . *261-35-212 . D 

I- ; Hp . 3 . (giB, S). R,8e Rel num n t^‘X . Rj„ G 8 ^ . g ! JJ' A (S'* (4) 

I- . (4) . »303'21 . D 1- . Prop 

«303'321. h : p Prm a .p + 0. ff=|=0. Pa, ffx eQ'iJ. D. g Hp/<')t numr><oo‘M 
[*303-3213] 

«303'322. 1- : p Prm «r.p;i,<rA eD'f /" a Q'U". D .g ! (p/ff)^ (Rel num a too‘\) 
[*303-321] 

*303*323. 1- ; p, 1/ € NC ind — 1‘0 . D . (gX) . g ! (/i/v)l (Rel num a t^^X) 
[*303-322] 

*303*324. I" ; p, p 6 NC ind . px, v^.e D‘t^. ~ (p Prm v) . D . 

g ! (p/y) t (Rel num a (^^‘X) 

Dem. 

h . *302*22 . D h : Hp . D . 

(gp, O', t). p Prm o*.p4=0.o*=f0.T=}=0.T=]=l.p = p XoT.i/=(r x„t. g!px . g! vx • 
[*303*2*21] 

3 • (ap> O') • P o* . p 4= 0 . 0* + 0 . p/p = p/o* . g ! (p +0 l)x . g ! (<r +0 1 )a ■ 

[*303*321] D . g ! (p/p)^ Rel num : D 1- . Prop 

In order to the existence of (p/v)^ Rel num in any given type, it is 
by no means necessary to have fiyVeT>‘U in the corresponding type. If 
p Prm <r . p, <T e D‘{r aQ'I 7, (p x, T)/(<r Xj t) will exist, however great t may 
be, because (p x, T)/(cr x^ t) = p/cr. 

*303*33. big! (p/j')C (S'el num a ^oo‘X) . h . 

(ap. O ') . (p, or) Prm (p, v) . px, <rx € D‘I7 A a‘I7 

Bern. 

b, *303*322*211.3 

b : (p, o*)Prm(p, v) . p>.,fr),€T)‘U a Q‘i7. D. g ! (p/v)^ (Rel num a too‘X) (1) 
b. *303*181*10*16*211.3 

b :. g ! (p/v)^ (Rel num a t^‘X ) . 3 ; (gp, <r) . (p, a) Prm (p, k) . p + 0 . <r 4= 0 . 

g ! (p/o*)^ (Rel num a <oo‘X) : 
[*303*21] 3 ; (gp, o*) . (p, <t) Prm (p, y) . p 0 . o* 4= 0 ; 

(gi?, 8).R,8e Rel num a <„„‘X .<^1 R<' f\ 8" i 
[#301*41] 3 : (gp, a ) . (p, <r) Prm (p, v) . p 4= 0 . cr 4= 0 . 

g ! (p +, 1) A • a Uo-+o (2) 

b.(l).(2).3b.Prop 

*303*331. b ;. p Prm o* . 3 : g ! {pja)^ (Rel num a t^‘X ) . = . px, o*x e D‘I7 a (1*U 
. [*303*33. *302*31] 



SECTION a] 


RATIOS 


271 


*303*332. hup Prm or • D : a I (pja) ^ (Rel num a t^/p) . = . p, a e a a^f7 
[*303*331] 

In this proposition, p, a are typically definite cardinals, whereas in 
*303*331 they are typically indefinite. 

*303*34. h : p, O' e NO ind . px, o-x € CT a ?7 . t; > o’ . 3 - 

(al?, S).RySe Rel nurn a {^l n 

Note that ^ [^IR^ n 8^} does not imply E ! or E ! SK 
Dem. 

H . #303 311 . D h : Hp . D . (gP, Q. i2, 5) . P e (/> +. 1 V . Q e (o- +0 Dr . 

P,Qet^‘\.B‘P==B‘Q.B‘P=^B‘Q.R = P,.S=Q, (1) 
As in «303'32 Dem, 

h . (1) . D h : Hp . D . (gP.Q.P./ST) . Pe(p+, 1),. Qe(<r+o 1).. S = P, . P = g. . 

R, S e Rel num . (P‘P) (R’ A S") (B‘P) . 

[*1 21 •48.*202181 .*301 •4.*300-44] 

D . (gP, 8).R,Se Rel num a . g I P' A (S'* . ~ (g ! P’>) : D I- . Prop 

*303'341. I- : Pa , o-A e D‘ a‘ P. p Prm a . ^ Prm ij . (p/a-) ^ <o<i‘^= i^lv) D ^ ■ 

P = f ■«• = ’? 

Dem. 


H . *303‘34‘21 . D 1- : Pa. o-A € D‘f7 A (PU . p Prm <r . | Prm ?; . ?; > o- . D . 



(p/<r) 1 U‘X + (f/y) 1 

(1) 

1- . (1) . Transp . *3021 

. D I- : Hp . D . y ^ <r 

(2) 

h . (2) . *303-13 . 

Dl-:Hp.D.f<p 

(3) 

1-. (2). (3). *117-32. 

D 1- : Hp . D . f A , o-A e Q‘ 

(*) 

h . *303-322 . 

D h ; Hp . 3 . g ! (f/y) ^ Rel num . 


[*303-11-16-16] 

D.f+O.y+O 

(5) 

K(2).(4).(5). 

DhiHp.D.^A, VKeD^UnPU. 



D.<r<y .p<f 

(6) 

h . (2) . (3) . (6) . D h . Prop 


*303-36. l-:lAea‘17. 

f Prm y . (0/1)4 • D • ?= 0 . y = 1 



Dem. 


h . *30014 . D 1- : Hp . D . (ga:, y).x^y .x,ye %‘X . 

[*30315] D . (ga;, y) . a; + y . (a; 4 (0/1) (a; 4 y) ■ « J, a;, a; | y € tm‘X . 

[Hp] 3-(aa:,y).« + y-(a;4®)(f/»»)(a5 4 (/)• 

[*3031617.Tran8p] D.^ = 0. (1) 

[*302-14] D.y = l (2) 

l-.(l).(2).Dh.Prop 
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4(303'36. I" i./Jx.CAeQ'tr. V . /> Prm o- . f Prmi; : D : 

(/o/<r) ^ ioo‘\ = t 4o‘^ • = ■ /o = ? ■ O’ = >/ 

Dem. 

V . *30014 . *302-14 . D 

h px.o-xed'iZ . p Prm o- . ~(/jx,<tx€D‘J 7) .D:p = 0.<r=l.v./j=l.ff = 0: 
[*303-35'13] D : f Prm r) . {pja)^ = .D.p = f.<7 = i; ("I) 

I- . (1) . *303-341 . D I- . Prop 

*303-37. h:.o,/S€NCindna‘(U't<“X).~(a = ;8 = 0 ).v. 

7 , 3 € NC ind r» 0[‘( 17 ^ f*‘\) . <'-> (7= 3 = 0) : D : 

(o/^)P <.«‘X=(7/3) 3 . a x„ 3 = /9 X, 7 

Dem. 

h . *302-36 . *303-211 . D h : a. /3 6 NO ind . Ox, /3x € a‘ 77 . ~ (a = /3 = 0) . D . 

(aP. 0-) ■ (P> '^) (o, . p/o- = ajP (1) 

I- . (1) . *303-254-181 . D I- : Hp (1) . (a//9) |: t^‘X = (7/3) 1 7oo‘X . D . 

(af ’?)•(?.’?) Prm (7, 3) (2) 

I- . (1) . (2) . *302-21-22 . *303-211 . D 

h : Hp (2) . D . (ap, <r, 17) . (p, <r) Prm (o, . (f, 17) Prm (7, 3) . p, o- e (I‘ 77 . 

p/o- = a/^ = 7/3 =^/»7. 

[*303-36] Z) . (ap, o) . (p, <r) Prm (a, /8) . (p, <t) Prm (7 , 3) . 

[*302-34] D . o X, 3 = /8 Xo 7 (3) 

Similarly 

h :7,3eNCind . 7x,3xeH‘77 . ~(7=3 = 0).(a//8)p <oo‘X = (7/8)^ 7oo‘X . D . 

aXo3 = ^x „7 (4) 

h . (3) . (4) . D h . Prop 

*303-371. h : o, /S, 7, 3 e NC ind . Ox, /3x, 7x, € 77‘ 77 . ~ (o Prm . 7 Prm 3) . 

(«/^) D <oo‘X = (7/S) D 7oo‘X .D.oXo3 = jQXo 7 

[Proof as in *303-37] 

*303'38. I" o,/9, 7, 36 NC ind : Ox.ySx 6(1*77. v . 7x, 3x e Q‘ 77 ; 

~ (a = yS = 0) . ~ (7 = 3 = 0) ; D : 

(«//8) D CX = (7/3) p <oo‘X . . o X, 3 = yS x„ 7 [*303-37-23] 
*303-381. I" 0, 73,7, 3 e NO ind . ax,i8x,7x,3xe (7*77 . ~(oPrm yS. 7Prm 3) » D : 

(«//3) t <oo‘X = (7/3) p <oo‘X . = . a X, 3 = /9 x„ 7 [*303-37 1-23] 
*303-39. h o, y3, 7, 3 € NC ind . o.* (o = yS = 0) . (7 = 3 = 0) . D ; 

o/yS = 7/3 . = . o Xj 3 = yS Xj 7 [*303-38 . *300 18] 
*.303*391. I- :. Oj/SeNCind . ax,y8xe(I*77. ~(« = y9=t 0). 3 : 

(a//3)D <oo‘X = (7/3)C 7„*X . = ..o/yS = 7/3 . = . « X, 3 = /9 x,7 
[*303-38-254-11-14] 



SECTION a] 


RATIOS 


273 


Thus when a//9 is used as a typically indefinite symbol, we obtain the 
same results as if we supposed it defined as of a type where a-fol and 
^+^1 both exist in the type of X, Nc%^\>a. Nc%^X>^. 

*303-392. h;.a,y8€a^i7.rw(a=:y9 = 0 ).D: (a//3) I tn'a = (7/8) I tn'a . = . 

a//3 = <y/S . = . a Xe 8 = Xo 7 [*303*391*27] 
This proposition differs from *303*391 by the fact that a, ^ have become 
typically definite. It will be observed that even when a and ^ are typically 
definite, a//8, like ax^/S, remains typically indefinite. 

*303*4. h p Prm a .Re Rel num . D : l?p (p/<r) Rpx,a 

[*303*3-21 . *301*4] 

*303*41. h :: fjLfVe NC ind ■ (p. = 0 - r = 0) - D :■ 

R € Rel num . f = 1cm (jjl, v)’. D : Rp {fi/v) . = . a 

Dem, 

h . *303*2 .*300*44 . D 

I" Hp + • {py Prm,. (p, z/) . D : 

(W • = • 3 ! Rfixcv ^ • 

[*302*37] =.a!iJpxccr (1) 

h . (1) . *302*44 . D h Hp (1) . ^ = 1cm (p, i/). D : W*') • = • a 1 (2) 

h. (2). *302*22. D 

h :. Hp. p={= 0. 1/4= 0. jR e Rel num . f = 1cm (p, v). D : Rp^^fjLjv) Ry.^. g ! R( (3) 
h. *302*44.3 

h Hp . p = 0 . jB eRelnum . f = 1cm (p, 1/) . 3 : f = 0 : 

[*303*15] 3 : R^ (fi/p) i?, . = . g ! (4) 

Similarly 

h :. Hp . 1/ = 0 . jR € Rel num . f = Icm (p, i/) . 3 : Rp,{fLlv) 22,. . = . g ! (5) 

h . (3) . (4) . (5) . 3 h . Prop 


*303*42. h :. Hp *303*41 . ? = 1cm (p, v).D:U^ (fi/v) C7, . = . 1cm (p, i/) 6 «7 
[*303*41 , *300*26] 

*303*43. h :. Infin ax . 3 : p, v e NC ind • (p=j; = 0).3^,„. Upilljv) Uy 

[*303*42 . *300*14] 


*303*44. h :. Hp *303*42 . P e Ser . 3 : (W^') Pv - = - a * 


[*303*41 . *300*44] 

*303*45. hzPefl infin. p, i/eNC ind . (p = 0 . 1/ == 0 ) . 3 . P^ (m/*') -P*' 
[*300*44 . *303*44] 


*303*46. h :. (p, o-) Prm (p, i') - e NC ind . R e Rel num . 3 : 

(p/i/) P, . = . f x^ <r = ^ x^p . g ! P^xc« 

Dem. 

h. *303*21 1.3 

h :. Hp . 3 : P^ Pq ■ = • P{ (p/<^) Pq • 

[*303*21] = • a ^ -PfXcOr PqXcP • 

[*300*65] ^-fx^jcrssi^Xop.g! P^ xc<r 3 h . Prop 


B. <&W. III. 
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9K303'461. H fi, v,^,t]e NC ind .<^(^fi — v = 0) 

R((jilv)R^ 

Dem. 


~ ((f = »; = 0).iieRel num.D: 

= .fXoI/ = l?Xj/i.a! -Bicmd,,! 


h . *302-45 . D 

h : Hp . (p, ff) Prm (f, i;) . 3 f x, <r = 1cm (f, 17) (1) 

1- . *302-35 . D 

I- : Hp . (p, ff) Prm (/tt, k) . f x« o- = 17 x^ p . D . (p, o-) Prm (f, rj) . (2) 

[*302-34] D.f x.«/ = 77X,/4 (3) 

h . *302-35-37 . 3 

I- : Hp . (p, <r) Prm (/t, i') . | x, 1; = 77 Xe p . 3 . f Xo a- = 77 x^ p (4) 
I- . (1) . (2) . (3) . (4) . *303-42 .31-. Prop 


* 303 - 47 . I" !. Hp *303-461 . A ~ € Pot'JB . 3 : 72^ (a*/*') -Bi • = • f x^ v = 77 x^ p 
[*303-461] 

* 303 - 471 . h ;. p, V, f, 77 e NC ind .~(p = »' = 0).~(f = 77 = 0).Pen infin . 3 : 

Pf(p/l')P, . = .f Xel' = 77 XoP 

[*303-47 . *300-44] 

* 303 - 48 . I- :. p, v, 77 € NC ind .~(p = i' = 0).<'w(f = 77 = 0).3; 

Ut(filv) ^ XgV = rj Xgfj,. 1cm (f, f))€C*V' 

[*303-461 . *300-26] 

*303 49. I- :: Infin ax . 3 :. p, v, 77 € NC ind • (m=*' = 0). 3: 

U((jiIp) P, . = . f XoP = 77 x,p 

Dem. 

h . * 303 - 15 . 3 h ;. p, r, 77 e NC ind . p = 0 . v 4 = 0 . 3 : 

U({ftfv) P, . = . Pf 6 R1‘/ . P, e Rel num id . 

[*120-42] =.^=0. 

[*113-602] s . ^x,i/ = 77 x,p (1) 

Similarly 

I- :. p, p,i,ve NC ind . p 4 = 0 . 1 / = 0 . 3 ; Pf (p/v) P, . = . f x, 1 / = 77 XoP (2) 
h . (1) . (2) . *303-48 .31-. Prop 

* 303 - 5 . h : p, 0 - 6 NC ind — 1‘0 . g ! (p +, o-)x . 3 . 

(a-P> Q)’De(p+ol)r.Qe (<r +0 1), .P,Qe 2oo‘A. • 

P‘P = B‘Q . B*F = P‘5 . 0‘P n C'‘Q = t‘P‘P w t‘P‘P 

Dem. 

I-. *110-202. *120-417. 3 

h :Hp .3 .(aa,/8).a,/8e<o‘X.aep+ol ./3ea--ol .ar\fi = A 


( 1 ) 
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I-. *262-2. D 

I" ■ ^ * ti,‘\ .ftep+jl.jSeo-— jl.any9 = A.<r=^=2.D. 

(a A -S^) . P, 5 6 n rt <„,‘X . 0‘P = o . O'-S = /3 . a n /3 = A . 
[*251-131-141] D . (gP, S, Q) . P, S, Q e fl n . 0‘P = a . C'/Sf* /3 . 

Q = P‘P ♦f S P‘P . C‘P A 0‘Q = i‘P‘P w i‘B‘Q (2) 

H . *262*2 . D I" ; Hp . a, /3 e <j‘X .aep+ol./3 = .a!~€a.<r = 2.D. 

(gP, Q) . P, Q € <oo‘X . P e n . 0‘P = o . Q = (P‘P) ; « -t* P‘P (3) 

h.(l).(2).(3).Dh.Prop 

*303*51. I- p Prtn o* . p 4^ 0 . o* ={= 0 . g ! (p +o cr)^ . D : 

(gP, S) : lt,S cRel num a <a,‘X . R (p/o*)/Si 

Dem, 

h. *300*44*45. *301*4. D 

h:Hp.Pe(p+, l)j^.Qe(a+.lV.P=Pi.P = (2,, 

P‘P = B‘Q .B‘F = B‘Q. C‘P r^ 0‘Q = t‘P‘P w t‘5‘P . D . g ! P' n So (1) 

h.*301*41.Dh:Hp(l).~(^ = p.,, = <r).D.PiASf = A (2) 

l-.(l). (2). *303*21. D 

h ;. Hp (1) . D ; P (p/o*) S : ^ Prtn ,, • (^ = ^ . 77 =s O’) • ^ P(?/„)S: 

[*303*36] D : P (p/<r) S ; f Prtn t; . f/i; 4 p/,r . Dj., . ~ P (f/j?) S : 
[*302*22.*303*211] 

D : P (p/o*) S : j; e C‘ (7 . oj (f = »; =5 0) . f/j; =1= p/cr . ~ P (f/tj) S : 

[*303*182] 3 : P (p/tr) S : f/t? 4 p/o* . Df,, . ~ P S (3) 

I- . (3) . *300*44 . *303*5 . D H . Prop 

*303*62. h :. p., if € NC ind — i‘0 . g ! (p +, t')x . 3 : 

(gP, S) ; P, S e <oo‘^ . P (a‘/^') m/" • ~ -R (?/’?) ^ 

Dem. 

h. *303*24. *302*39. D 

1- ; Hp . D . (gp, a -) . p Prtn o* . p/v = pjtr . p 4 0 . a* 4 0 . g ! p +o o* (1) 
h . (1) . *303*51 . D F* . Prop 

*303 6. I- : e NC ind - 1‘0 . D . O/i/ = 0, [*303*1 5] 

*303*61. h ; i; e NC ind - 1‘0 . 3 . vjQ =00 , [*303*16] 

*303*62. I- . 0, = Cnv ‘00 , = PS (a ! P n / r [*303*6 61*13*15] 

*303*621. I- . Oj I* Rel num id = Cnv‘(Eel num id] 00 j) 

= P)§(P G / . Se Rel num id . g ! (7‘P a C‘S) [*303*6*61*13*151] 
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*303'63. h : 3 ! 2x . 3 ■ 3 ! Og f' (Rel num n <oo‘A.) 

Dem. 

I- . #303'16‘6 . D h . D . IQqijc^y ) : D h . Prop 
«303'631. I- : a ! 2x . D . a I (Rel num a 1 « « [#303-63-62] 

*303-65. t-;al2x.D.O,^foo‘X.+ »9D^‘X 

Bern. 

I- .*303-62 . 3 I- : «4=y . D . /0,(a! 4, y) . ~ {/oo ,(»4, y)) ; D h . Prop 
*303-66. I- a 1 2x . D ; (ji/v) P <oo‘X. = 0, . = . ^ = 0 . v e NC ind - t‘0 


Bern. 

I* . *303-6 . 3 H ! /t = 0 . v 6 NC ind — 1‘0 . 3 . fijv = 0, (1) 

I-. *303-6-1 5. 3 

I" : /ijv = Oj . 3 . ia/v = RS (R e Rl‘/ . 8 e Rel num id . a 1 0‘R a C*8) (2) 

h . *300-3 .31": Hp . 3 . (a^B, y)-«=^y-®iye Rel num a . 

[*10-24] 3 . a I (Rel num id — RPi) a tm\ (3) 

h.(2).(3).*30311l7.3 

l-::Hp.3;. (/i/i<)Pfoo‘X = 0,.3:^,P€NCmd :/t = 0.v. j/ = 0 (4) 

I-. (2). (3). *303-16. 3 

I" ! . Hp . 3 : (ft/v) P — Oj . 3 . (/4 ^ P . i» = 0) (5) 


h . (4) . (6) . 3 I- !. Hp . 3 : (ji/p) P tn*\ = 0, . 3 . /it = 0 . j; e NC ind - 1‘0 (6) 

l-.(l).(6).3l-.Prop 

*303-67. h :. a 1 2x . 3 ; (fi/v) P « ?• = . v = 0 . /teNC ind- 1‘0 
[*303-66-62] 

*308-7. 1- ; X e Rat . = . (a/it, v).fA,pe NC ind . v 4 0 . X = h/p 

[(*30304)] 

*303-71. I- : XeRat def . = . (a/t, p)> n,peT)‘U f\Q.‘U .X = (/t/r) p t^fA 
[(*303-06)] 

*30372. l-:XeRat.3.(aAi>.a!XptuV [*303-26] 

*303-721. 1- ; X € Rat - 1 ‘ 0 , . 3 . (a/t) . X P V « Rat def 
[*300-18. *303-7-71] 

*303-73. I- : X e Rat def . 3 . a I X P Rel num [#303-322 324] 

*303-731, h ; . p Prm <r . 3 ; (p/o-) P <u‘p « I^t def . = . p, «r e D‘ fT” a Q' tf 
[*303-71 .*302-39] 
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»lf30374. h !./3Prm<r . Z=(/)/<r)^ij/p.D;a!Z ^ Relnum.s./),«reD‘U’A(I‘i7 

[*303332] 

*30376. I- : Z € Rat . a 1 Z ^ num) . 3 . Z ^ 

[*3037471] 

*30376. 1- ; . Z, Fe Rat . Z 0 <uV e Rat def . D : Z ^ t 

[*303-391] 

*303-77. I- lafin ax .0 •. /i,ve NC ind — 1*0 . D . fi-jv e Rat def 

[*300-14 . *303-71] 

*303*78. h ; Infin ax . D . Rat def = Rat — 1‘0, [#303*7*77] 

The above two propositions assume that fi/v in the first, and “Rat” in 
the second, have been made typically definite, but they hold however the 
type may be defined. 



*304. THE SERIES OF RATIOS. 


Summary of *304. 

In this number we consider the relation of greater and less among ratios, 
and the series generated by this relation. We need two different notations, 
one for greater and less between typically indefinite ratios, the other for 
greater and less between ratios of the same type. The former is more 
useful where we are dealing merely with inequalities between specified ratios, 
but the latter is necessary when we wish to consider the series of ratios in 
order of magnitude, since a series must be composed of terms which are all 
of the same type. We put 

*304*01. X <Cr F. = . (g/i, V, p, a) . fi.VypyOr € NC ind <iv x^p . 

X^pLjv.Y^pja Df 

This definition is so framed as to include 0^ but exclude oOg. For the 
relation ‘Mess than'" among rationals of given type (excluding Og), we use 
the letter H, to suggest r) (defined in *273), because, if the axiom of infinity 
holds, the series of rationals of a given type is an The definition is 

*30402. = r€Ratdef.Z<,F} Df 

When we wish to include Og in the series, we use the notation H ' ; thus 

*30403. = Fe Rat defy Df 

(It will be observed that here t^Og acquires typical definiteness through 
the fact that it must be of the same type as “Ratdef” in order to make 
“Rat def v t^Og” significant.) 

If the axiom of infinity does not hold, H and H' will be finite series : 
it v+^1 is the greatest integer in a given type (v > 1), the first term of H 
is 1/v and the last is v/1 (*304*281). In a higher type, we shall get a larger 
series for H, but at no stage shall we get an infinite series. If, on the other 
hand, the axiom of infinity does hold, is a compact series (*304*3) without 
beginning or end (*304*31) and having tto terms in its field (*304*32), 
i.e. jET is an (*304*33). In this case, G^H = «= Rat — i^Oq (*304*34), 

i,e, any rational other than Og, as soon as it is made typically definite, belongs 
to C^H. 
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Under all circumstances, H is a, series (*304''23), and H exists in the 
type if 3 exists in the type (#304!'27). In the same case, 

G‘H = Rat def (*304'28). Similar propositions hold for H'. 

C‘H' consists of typically definite ratios, and if X is any ratio, there are 
types in which X belongs to C‘H' (*304-52). If the axiom of infinity holds, 
every ratio is a member of C*H’ in every type (*304-49). 

*304-01. X <.r Y . = p,p,<r').fi,v, p.tTelfiC iud. a ^O.fiXg<r<.vXgp. 

X = filv.Y=pla- Df 

*304-02. H = XY{X,Yenatde{.X<rY} Df 

*30403. ff' = lF{Z, F€Ratdefu t‘0,..Y<,F} Df 

*304-1. h : X <r F. = . (3/a, v,p, a) . p,,v,p,cr e NO ind . p,x^cr <iv x^p . 

X = pilp. F= pla- [(*304-01)] 

*304-11. I- : ya/*/ <;rp/o- . = . ff/p <r v/za [*304-1] 

*304-12. I-:Z<,F. = . F<,i [*.30411 . *303-1.3] 

*304-13. 1-:Z<,F.D.Z, FeRat. F+O, 

Dem. 

h . * 117-5 .Dh:/aXjcr<i/Xop.3.i'XoP=]=0. 

[*113-602] D.jz + O.p + O (1) 

1- . (1) . *304-1 . *.303-7 . D h . Prop 

*304-14. 1- : Zff F . = . Z, F 6 Rat def . Z <, F [(*304-02)] 

*304’16. h : XHY . s . ( 3 //., v, p,<r) . p,,v, p,(T eT)‘U . 

X = (fi/v) I tn‘p . . F = (p/tr) I tu‘fi .fiX„a-<vXgp 

[*304-14-1. *303-71] 

*304-161. h : ZffF . = . (aM, N, p,) . M <r X . Ml N I e Rat def , 

X = Ml tn‘p .Y = Xl <u‘/a [*304-15] 

*304-162. h p Prm v . p Prm <r . D : {{pjv) ^ ^u‘pj H {(p/o-) ^ . = . 

P-jv <C.rpl<T • p, V, p, (7 eT}‘U r>(l‘U [*304-151 . *303-731] 

*304-16. h : (p/p) H {pja) . = . {alp) H {vjp) [*304-15] 

*304 161. I- : XHY. = . YHX [*30412151] 

*304-2. V.HQ.J 

Dem. 

f- . *303-37 . D 

\- : p,v, p,a eD‘U r\(l‘U . (pjv) ^ t^p = (pja) ^ t^^p . D . p x^ <r = v x,p . 
[*304-15] D . ~ {(p/v) H (p/ff)) (1) 

I- . ( 1 ) . Transp . D h . Prop 

*304-201. I- . ~ (Z <, Z) [Proof as in *304-2] 
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*304'21. . H f trans 

Dem. 

h. #30415. Dh:Zirr. FFZ.D. 

(a/*. V, p,tr,^,7)). fi,v,p,<r,^,VeB‘U r\(l‘U <v Xtp. 

/»x,i 7 <<rXof.Z = (ft/v) ^ < 1 , V . V = (p/ff) t <ii‘« ■ Z = (f/ 17 ) t < 11 V (1) 
h. *117*571. #12051.3 

y t fi, V, p, <r, T) eD‘ U r\(l‘U . /i X^ <r < v Xj /o . p x^ »; < tr X^ f . 3 . 

Xo <r X, ij < j/ Xo /J Xo 1 ? < 1 ^ Xo <r Xo f . 

[#126*51] 3. ^x„i;<»<x,f (2) 

h . (1) . (2) . 3 h . Prop 

#304*211. h : X <, F . F ^ . 3 . Z ^ [Proof as in #304*21] 

#304 22. I- . H € connex 
Dem. 

h . #126*33 . 3 t- :. /*>, p, <r e D‘ C/ n a‘ . 3 : 

p Xfl 0 - < f Xo p . V . p Xj o* = 1 / Xj p . V . p, Xj o* > 1 / Xo p (1) 
h . ( 1 ) . #304*15 . 3 h . Prop 

#304*221. 1*:.X, F€Rat.3:X <r F.v. Jr= F.v. F<,X [Proof as in #304*22] 
#304*23. l-.ffeSer [#304*2*21*22] 

#30424. l-:p,i'€D‘trAa‘[;'.i/ + l .3.(/t/i/)i3'{/i/(»/-.l)} 

Dem. 

i- . #120*414*415*416 . 3 h : Hp . 3 . n 1 e D‘'I7 a Q'lT (1) 

I- . ( 1 ) . #304*15 . 3 t- . Prop 

#304241. h : 6 D'tr. p +, 1 € a‘Cr. 3 . (p/ 1 ) H {(p +, 1 )/ 1 } 

Dem. 

I-. #300*14. 3h:Hp.3.p,lea‘f7 ( 1 ) 

h . #300*14 . #120*124 . 3 h : Hp . 3 . p +, 1 e D'JT ( 2 ) 

h. (1). (2). #304*15, 3 h. Prop 

#304*25. \-tp,veD‘Ut>a‘U.'^{pi+,\ = B‘U.p=l).'^.p/peD‘H.v/p€a‘H 
[#304*24*241*16] 

#304*261. h:p+ol=jB‘t;^.3.p/l~eD‘jy 
Dem. 

I-. #300*14. 3 

h : Hp . p,a(D‘U r\G‘U .D . p^p..l^a . 

[#117*571] 3.px, l^px, o* ( 1 ) 

h.(l). #30415.31-. Prop 
#304*26. h :. p Pnn v.D : /ifpe D‘H . = . pjfi e Q'jET . 

= .p;PeD‘UnG‘U'.'>j(p,+^l=!B‘U.p*=l) 
[#302*39 . #304*25*251*15*16] 



SECTION a] the series OF RATIOS 281 

<l»304‘261. h . D‘jy K51A*>*') • /*» veD'CT a Q'JT" . ~(/ i+o l=£*I7.i»=*l). 

X = Ot/v) t «uV} [*304-25-261-15] 

*304-262. h . a‘ir= i Kayi*, v) . ^ e d'ct a a'O'. ~(/« +^i=b‘u.v^i). 

X = (i///t) t <u>} [*304-26116] 

*30427. H:a!fl^. = .aI3 
Dm. 

h. *300-14. 3 

h:.a!3.3:^ = l.i' = 2.D.^, aQ!‘U’.~(/*+o1 = D‘J/ .j> = 1). 

[*304-25] 3.3*^ (1) 

V . *304-261 . 3 

h a ! S' . 3 : (a/*. «') ! /*. »' « D'Cr A a‘J7 ; M +. 1 e CI'iT'. V . V+ 1 : 

[*300-14] 3 : (a/t) ./i^i.aJA‘+o2.v. (a^) . r > 1 . a I »' -+-0 1 j 
[*117-32] 3 ; a ! 3 (2) 

H . (1) . (2) . 3 h . Prop 

*304-28. h ; a ! 3 . 3 . G‘H=t {(a/*, ./) . /it, v e D'lT a a‘t7 . Z = (/t/i/)^ <„'/*} 

= Rat def 

Dem. 

l-.*300-14.3l-;.Hp.3;^+,l = 5‘tr.3./it>l (1) 

l-.(l).3h;Hp.3.~(aM,.;)./t+el = D‘f^.»'=l.»'+,l=D‘£r./t=l (2) 

h . (2) . *304-261-262 . *303-71 . 3 h . Prop 

*304-281. h :.a ! 3 . 3 : ^t/i^ = D‘ff . = .|t= 1 . >.+,1 = D‘f7 . = . vlfi=^B‘E 
[*304-28-261-262] 

*304-282. h.0,~€C‘ir [*304-27 28 . *30366] 

*304*29. I- : (ji/v) H {pl<r) . fi+^ p,v +„a' ed^U . 3 . 

{fi/v) H {(/i +0 p)/{v +0 or)} . {(/* +0 p)/(i' +e o-)} H {p/a) 

Dem, 

h . *3041 . D h : Hp . D . /a <r < i; x^, p . 

[*126*5] D . /A Xo (i' +0 <r) < 1/ x^ (^t -ho p) • 

{p, +0 p)x„a< (v +, a)x^p. (1) 

I- . (1) . *304-1 . 3 h . Prop 

*304 3. I- : In6n ax . 3 . D* e Ser a comp [*304 29-23] 

*304-31. l-:Infinax.3.~E!D‘D.~ElD‘.ff [*304281 . *30014] 

*304-32. h : Infin ax . 3 . G‘H e N, 

Dem. 

h . *304-15 . *303-211 . *302 22 . 3 

h . Nc‘l {(ap, 0 -) . P Prm <r . p. o- e D'CT a a‘U . X = p/<r} 

[*303*36] ^ {(gp, or) . p Prm or . p, <r e ?7 a (7 • ilf = p ^ <r} 

[*33*161] < ^fc^C^U Xe Nc'(7'J7 (1) 
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1- . (1) . *123-52 . *300-21 . D h ; Hp . D . K, 

I- . *304-28 . D 

h ; Hp . D . Nc‘C‘H> Nc‘l {(g.;) . v € a . X = i//l} 

[*303-36] > Nc‘(D‘ U r^ a* U) 

[*300-21] (3) 

h. (2). (3). *117-23.31-. Prop 

*304-33. I- : Infin ax .0 . H etj [*304-3-31-32 . *273-1] 

*304-34. h : Infin ax . D . C‘H = T>‘H == Rat - i‘0, [*303-78 . *304 28] 
*304-4. I- : XH'Y. = . X, Fe Rat def u i% . X<^ F. 

= • (3M. v,p,<r).fi,p,p,<r€G.‘U.v^0.iT=^O.fiXaiy<vx„p. 

X = (f^/p ) ^ . F= (p/a-) ^ V [*303-7 1 . (*304-03)] 

*304401. h :. Infin ax . 3 : X<, F. = . XH'Y [*304 4 . *303 78] 


* 304 - 41 . 


I- . D‘H' = X {(g/*, v) . p.,v eQ.‘U . 1/ 4= 0 . ^ (/4 +0 1 = . »»= 1) . 


[Proof as in *304 261] 


X — (iilv)\,tn p] 


*30442. h . Q‘jy'= /k {(g^, v) . p.,v eQ.‘U .ya4^0.v4=O.X = (p/v) ^ t^ii] 
*304-43. h : g !£('. = . g ! 2 [*304 42] 

*30444. I- : g ! 2 . 3 . G‘H' — X {(g/t, v). p,,pe (l‘U , p^O , X = (/a/v)^ 
[*304-41-42] 

*304-46. h : g ! 2 . 3 . B*H' = 0, [*304 41-42 . *303 6] 

*304-46. l-;g!3.3.//' = 0,«f fT [*304-45-4-271] 

*304-47. I- : Infin ax . 3 . F' e i + v [*304 46 33] 

*304-48. l-.if'eSer 
Dem. 

h . *304-4 .31-;g!2.~g!3.3.fl'' = 0,4 (1/1) (1) 

h . (1) . *304-43-46 23 .31-. Prop 

*304-49. I- : Infin ax . 3 . = D‘jEf' = Rat [*304-34-46] 

*304-6. t-:X€0‘^. 3.g!X^Reln«ra [*30373 . *30414] 

*304-61. 1- : X e C‘H ' . 3 . g ! X T Rel num 
Dem. 

I- . *303-63 . *304-43 . 3 I- :• Hp . 3 . g ! 0, Rel num (1) 

I- . (1) . *303-73 . *304-4 .31-. Prop 

*304-62. I- ; X e Rat . 3 . (g^) . X t «„V e 0‘H' [*304 44 . *30018] 

*304-63. l-,:XeRat-t‘0,.3.(g/*).XCfii‘/*«C?‘^ [*304-28 . *300-18] 



^►306. MULTIPLICATION OF SIMPLE RATIOS. 


Summary of )k305. 

The ratios hitherto considered are called "simple”, ratios in opposition 
to "generalized” ratios (introduced in a|t307), which include negative ratios. 
We deal with multiplication and addition first for simple ratios, and then 
for generalized ratios. In this number we are only concerned with the 
multiplication of simple ratios. 

In defining multiplication of ratios, we naturally frame our definition so 
as to secure that the product of and pi a shall be (/x Xqp)/(v This 

is effected by the following definition (where "s” stands for "simple”): 

^305 01. X XgY^ ^^[(3[A^> ^ e NC ind . . (r 4= 0 . 

X^iijv.Y^pla.R [{fi X, p)f(v X, (t)1 S] Df 

which gives us 

a|e305‘142. : fjLyp€ NC ind • r 4= 0 - o* 4= 0 . D . /a/i/ x, pjcr = {fM x^, p)j(y x^ a) 

and 

^305144. h : a I (/a/i; x« p/o") • D . fifp Xgpla — {pu x^ p)l(y Xq a) 

The reason for the hypotheses in these propositions is that, if is a 
cardinal which is not inductive, while p = 0 and v, <r are inductive and 
not 0, pbjv^K and pLjv Xgpjcr K, but {pXQp)j{v x^a^^Oq. 

For the applications of the multiplication of ratios, it is essential that we 
should have, if i?, S, T belong to a suitable vector family, 

R {fijv) S . S {pI<t) T.O •R (pl/v Xg p/<r) T, 

e.g, we want two-thirds of five-sevenths of T to be (2/3 x,5/7) of T, It will 
be shown in Section C that our definition satisfies this requirement. 

We prove in this number 
^05*3. V iX, Ye Rat . = . X x, F e Rat 

^r06*22. h X X, F= Og . = : X, Fe Rat : X = Og . v . F= Og 
i,e, a product only vanishes when one of its factors vanishes ; 

^06*301. h : X, F € Rat - • X XgY e Rat — t^Og 
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*306-26. I- ; /i, I/, p, <r e D‘ tr n a* tr . D . (fifv X, p/ff) t « 0‘H 

Thus a product of two ratios which both exist in a given type exists in 
the next type, %.e, 

*306*26. I- : X, Fe Rat . Xp Y C € Rat def . D . (X x, 7)1 e C^H 

The formal laws offer no diflSciilty. We prove the commutative law 
(*305*11) and the associative law (*305*41); we prove that Xxgl/l = X 

(*305*51) and that Xx«X«l/l (*305*62). Division results from 

*306*61. h :.A€ Rat — . A' e Rat • D : A Xg X = A\ ^ b X ^ A' x, A 

and the axiom of Archimedes is given by 

*306*7, h : X, F € Rat — t^Og . D . (ga) . a e NO ind . F <r (a/1 x, X) 


*306*01. X X, F= US [(g/A, p, p,<r)./i,p,p,o-€NG ind . j/ 4" 0 . <t 4= 0 . 

X = /i/p.V==p/a.E((/ix,p)/(pX,a)}S] Df 

*306*1. h : It (X XgY)8. = . (g/x, p, a) . fju.v, p,<T e NC ind . i/ 4" ® 4" ® • 

X = ft/i/ • F= p/a m R {(/X Xq p)/(v x^ <r)} S [(*305*01)] 

*306*11. h . X X, F= F X, X [*305*1] 

*306*12. h : X, F<- € u oog . Cnv^(X x, F) = X x, F [*305*1 . *303*13] 
*306*13. h : /X, 1 /, p, o- € NC ind — • p/v = /x'/ v . pja- = p/a . D • 

(/X Xe p)l(v Xo a) = (ax' Xo p')I(v Xe O*') 

Dem. 

h . *303*39 . D h ; Hp . D . /x Xg i/' = i/ x^ /x' . p x^ cr' = p' x^ <r . 

[*120*51] D B px^p x^v x^a—p x^p x^vx^a. 

[*303*39] 3 - (m Xe p)l(p Xe a) = (p' Xe p')l(p' Xe cr') : D h . Prop 

*306*131. 1“ : i', p, <r e NC ind — X^O . O/v = p/p' . p/a = p'/a' . D - 

(0 Xo p)l{v Xe a) = (p Xe pOA*'' Xe a) 

Dem, 

h . *303*()6 . D h : Hp . D . /x' = 0 . 1 /' € NC ind - x^O (1) 

I- . (1). *303*6 . D h : Hp. D. (0 x,p)/(px^fr) - 0g = (/x' x,p')/{p'x,a ') : D h. Prop 

*306*132. h : /x, V, p, (T e NC ind . i/ 4^ 0 - cr 4= 0 . p/v = p/v • p/a = p /a' >0 • 

(/^ Xe p)/(i' Xe <r) = (/x' Xe p)/(p Xe <r') 


[*305*13*131] 
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«306'14. l-;/*^0./>4=0.i»4=0.<r=f0.D. /*/» x, pja = (jix, p)j(v x, <r) 

Dem. 

h.#3051-132.D 

I- :: Hp . 3 :.R(pIp x„pl&)8. = ; 

(a/t', v', p', <r') . p!, v', p', ff' € NC ind . pjv = /*'/•'" • — P'!^' • v + 0 . or' 4= 0 ; 

-BR/^Xc />)/(*' (1) 

h . *303181 . *302*36 . *120*612 . D 

h : Hp . R [{fi x^p)l(v Xo <r)} /S . D . fi, v,p,a€ NC ind (2) 

h.(l).(2).Dh. Prop 

The condition fi^O • p^O is required in the above proposition because if, 
e,g, = 0 . p e NC infin, we shall have (if v,<Te NC ind — t^O) p^jv = Og . pja = A, 
whence pbjv pja = A, but (ji x^ p)/{p x^ a) = Og. If we assume /i, p € NC ind, 
it is not necessary to assume /a 4= 0 . p 4= 0. This is stated in *305*142. 

*305*141. h:.i/ = 0.v.o* = 0:D - pjv Xg pfa = A 
Dem. 

h . *303*67*11 . D h : p = 0 • p.', p' € NC ind . pjv = p! jv . D • = 0 (1) 

h. (1). *306*1. Dh. Prop 

*305*142. h ; p, p € NC ind . i/ 4= 0 . cr 4= 0 . D . p/i/ x, p/cr = (p x^ p)j{v x^ <r) 
[Proof as in *305*14] 

*306*143. 1“ 5 a ! (p/V X, p/<r) . D . p, i/, p, <r e NC ind . i/ 4= 0 . cr 4= 0 
Dem. 

h . *305*1 . D h : a ! {p,jv x, p/o-). D . (a/^"> ^ ) • A*' » ^ NC ind . i/' 4= 0 . p/i/ = pjv^ 
[*303*182*67] D. p, 1/ € NC ind . 1/4= 0 (1) 

Similarly 1* s a • (W*' x,p/<r) . D.p,<r€NCind .0*4=0 (2) 

h . (1) . (2) . 3 h . Prop 

*306*144. I" : a 1 (m/*' x, p/o*) . 3 . pjv x , pja =(p Xq p)/(i/ x^ o*) [*305*143142] 
*305*15. h (p, i/, p, o* € NC ind) .v.i/==0 .v.o* = 0:3. p/i; x, pja = A 
[*305*143 . Transp] 

*306*16. f“ :. p, 1/, p, o- e NC ind :p = 0 .v.p = 0:j/4=0.o*4=0;3. 

p/i/ X, p/o* = Og [*305*142 . *303*6] 

*306*17. h . Z X, 00 g = A [*305*141 . *303*67] 

*306*2. h : a 1 ^ X, F. 3 . Z, F€ Rat 
Dem. 

h. *305*1. 3 

h : Hp . 3 . (ap, I/, p, o*) . p, i/, p, o* € NC ind .i/4=0.o'4=0-Z = p^jp . T = p/<r • 
[*303*7] 3 . Z, FeRat : 3 h . Prop 
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9|e305'21. f- : X X, Fe Rat — i^Oq . D . X, Fe Rat - c^Oq 
Dem. 

h . *303*72 . *305*2 . D h : Hp . D . X, Fe Rat (1) 

h . *305*16 . Transp . D h : Hp . D . X 4= 0^ . F+ 0^ (2) 

h . (1) . (2) - D h . Prop 

*30S*22. h X X, Fs= Og . ~ : X, Fe Rat : X ~ Og . v . F~ Og 
Dem. 

h.*3051'2*142. *303*66.3 

h X X, F= Og . = : (g/A, v, p, a) . X = p^jv . F = pja m e NC ind . 

/L6Xop=^0.i/Xo(7=j=0: 

[*303*66] = : (g/^, Vy p^ a) : X = puf t/ • pja . p,a e NC ind . 

1 / 4= 0 . (T 4= 0 : fjbjv == Og . V . pja — Og ; 
[*303*7] = : X, Fe Rat : X = Og . v . F= Og 3 h . Prop 

*306*222. h : X X, Fe Rat . 3 . X, Fe Rat [*306*21*22] 

The following propositions are lemmas designed to show that if X, F are 
ratios which exist in a given type, X x, F exists in the next type. 

*306*23. h : /i € NC ind . 3 . (2 x, yit) + 0 1 < 2'^+’^ [*117*652 . *120*429] 

*306*231. I- . ()ti +0 1)' = +0 (2 Xe p) +0 1 [*116*34 . *1 13*43*66] 

*306*232. h : /X € NC ind . 3 . < 2^+«i 

Dem. 

h . *116*311*321 . 3 h . 0» < 2«+oi (1) 

h . *305*231 . 3 h : Hp < 2^+oi.D.(/x +o 1)*< 2^+oi+^(2 x^ p) -he 1 (2) 

h . (2) . *305*23 . 3 h : e NC ind . < 2^+«' . 3 . (/^ -ho 1)" < 2^+«» 2^+«i . 

[*113*66.*116*52] 3 - (a*- +0 ly < (3) 

h . (1) . (3) . Induct . 3 h . Prop 


*306*24. h:/^,i;,p,<r€D^i7oa^i7.3. 

{p Xe p) t^py (v Xe <t) n Vp eD^U r\Q.^U 

Dem. 


h. *116-72. 

Dh 

:Hp.3.(2^+^^n^V)€C^C^. 



[#305-232] 


3 - ft’ A t^p ed^U 


(1) 

h. *116-35. 

Dh 

; Hp mD . p^f\ t^p € 


(2) 

Similarly 

h 

: Hp . 3 . j/’ A t^py p’ A t^py A 

<VeD'I7na‘t7 

(3) 

h. *117-571 

.D 




1- :. Hp . D : 


p^ft’.V.ftXoP^p’lJ/XoO- 

<i/“.v.j'Xo<r<<r“ 

(4) 

l-.(l).(2). 

(3). 

(4) . 3 h . Prop 
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4K305'26. I" ; /*, v, />, <r c D‘ n C[‘ . D . (ji,jv x, pja) ^ e G‘H 
Dem. 

H . *305’14 .31-; Hp . 3 . /ifp x, p/<r = (/* x, p)/(p x^ a) ( 1 ) 

I- . ( 1 ) . *304-28 . *305-24 . 3 h . Prop 

*305 26. f- : X, Fe Rat . tn^/i e Rat def . 3 . (X x, F) ^ t^^p, e C‘H 

[*305-25 . *304-28] 

*305 27. I- : X, Fe Rat — i‘ 0 g . 3 . ( 3 /i) . (X x, F) ^ e C‘H 
[*305-26 . *303-721] 

*305-28. h;X, FeRat.3.(a/i).(Xx, F)C<ooVeC'‘.fl'' [*305-27-22] 

* 305 - 3 . I- : X, F e Rat . s . X x, Fe Rat 
Dem. 

I- . *305-142 . *303-7 . 3 I- : X, Fe Rat . 3 . X x, Fe Rat (1) 

I- . (1) . *305-222 . 3 H . Prop 

*305 301. h : X, Fe Rat — i‘0, . = . X x, Fe Rat — t‘0g 
[*305-142 . *303-7 . *305-21] 

*305-31. h : (a/*) • ^ D yt V eC‘H. = . (a^) . (X X, F) t tn*p € C‘H 
. [*305 -301. *304-53] 

*305-32. h : (a/i*) • X t t„‘p, Y t > e G‘H ' . s . (a^) . (X x, F) t e G‘H' 
[*305-3 . *304-52] 

* 305 - 4 . h : X, I/, o- e NO ind .p^O.p^O.r^O.O. 

(\lpx,plp)x,{a-lT)—{\x,px,a)l(pXapXgT)—Xlpx,(plpx,<TjT) [*305-142] 

*305-41. l-.(Xx.F)x,F=Xx,(Fx,Z) [*305-4-2] 

*305-5. h : + 0 . 3 . (\/p) x,(l/l) = X/p [*305-14-142-15] 

*305-51. f-;X€Rat.3.Xx,(l/l) = X [*3055] 

*305-52. f-:XeRat-i'0g.3.Xx,X=l/l 
Dem. 

h. *305-14. *303-13. 3 

h : Hp • D . v) . fiyVeNC ind — t^O . Z x, Z = (/Lt Xo /j) . 

[*303*23] D.Zx,Z = l/l:Dl-. Prop 

*305*6. h -4 € Rat — i^Oq . X e Rat • D : .4 x, Z = 4' . = . Z *= 4' x^ 4 
Bern, 

h. *304*1*4. *305*32*222.3 

h : Hp . 3 . (g/i, cry r))*fiyV,<r€ NC ind — t^O . p, i; e NO ind . 

A ^ f^jv . X ^ pja m ^ (1) 
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I- . *305142 . D I- : . I/, «r e N C ind - 1‘0 . p, f ,; € NC ind . D : 

fijv x,plff = ^jTi . = . (fi X, p)l(v x, a) = . 

[*303‘38] = .p Xop Xai7 = y Xjff Xflf . 

[*303-38] = . p/o- = (y Xo f)/(p x, »;) 

[*305142.*30313] = f/i, x, CuvV/p) (2) 

h . (1) . (2) . D I- . Prop 

*305'61. h eRat — t'O, . A' e Rat .D:J. x,X = A'. = .X = A’x,A 
[*305-6-222-32] 

*306-7. h : Z, Fe Rat - 1‘0, . D . (ga) . o e NC ind . F <^(a/l x, X) 

Dem. 

I- . *117-571 . *120.511 . *117-62 . D 
h : yu, y, p, O’ 6 NC ind — 1‘0 . f > y . D . 

/* Xo p Xo f X j o- > y Xo p . 

[*304-1] D . (p/a) <r (p, Xc p Xo f)/y . 

[*305-14] D . (p/a) <r [p/v x, (p x. f)/l} (1) 

h . (1) . *304-1 . *120-5 . D h . Prop 

*305’71. y i.Ze Rat — t'O, . D ; Z <, Y . X x, Z <.r Tx,Z 
Dem. 

y . *305-142 . D h : Hp . Z <r F. D . 

(a^. y, p, 0-. );) . p, y, p, 0-, f, e NC ind . y 4= 0 . o- =1= 0 . f 4= 0 • »/ 4= 0 . 
Z = p/y . F= p/o- . Z= . p Xo o- < y Xo p . 

Z X, Z= (p Xo f)/(y Xo 17) . F X, Z= (p x, ^)/(a x„ 17) . 
[*304-1. *126-51] D.Zx,Z<rFx,Z (1) 

h . (1 ) . D f- : Hp .Xx,Z <.r Y x,Z .0 . X x,Zx,Z <Cr Y x,Z x,Z . 
[*305-51-52] D . Z <, F 

h . (1) . (2) . D h . Prop 


(2) 



91^306. ADDITION OF SIMPLE RATIOS. 


Summary of *306. 

The addition of simple ratios is treated in a way analogous to that in 
which their multiplication is treated. We wish to secure that the sum of 
Xjv and ybjv shall be and that the sum of fijv and pja shall be 

{(/a Xq a) +o(i' Xop)}Kv Xo ^)* This is secured by the definition 

*30601. X+,Y=M^[('^,v, p) . fijVype NC ind - 0 . 

X^pijv.Y^pIv.R [ill +e p)lv] S] Df 

whence we obtain 

*306*13. 1“ : 1 / 4 0 . D • pbjv +, pfv = (/a +<, p)/p 

*30614. h:i/4=0-<r=J=0.D. p^jv +« p/<r = {(p a) +o (p x^ p)]l(v x^ a) 

Our definition is so framed that oo g oo = A. This is on the whole 
convenient, though we could, of course, frame our definition so as to have 

00 q’\' 9 00 q 00 qm 

In applications, if jR, Sy T are members of a suitable vector- family, we 
want to have 

R (p/v) T . S (pl<r) T - D . (jR I aS) {p/v -fa pl<r) T, 
e.g, if a vector R is 2/3 of T, and a vector S is 5/7 of T, we want the vector 
which consists of first travelling a distance R and then travelling a distance 
S to be (2/3 -fa 5/7) of T. We shall show in Section C that our definition of 
addition fulfils this requirement. 

As in the case of product.*^, the sum of two ratios is a ratio (*306*22), and 
the sum of two ratios which exist in a given type exists in the next type 
(*306*64). A ratio is unchanged by the addition of 0^ (*306*24), and a sum 
of two ratios is only 0^ if both the summands are Og (*306*2). No difficulty 
is ofiered by the formal laws: we prove the commutative law (*306*11), the 
associative law (*306*31), and the distributive law (*306*41). 

An important proposition is 

*306*62. h X <y F- = : X € Rat : (gZ) . Z e Rat - L*0q . X +« F 
When the axiom of infinity is assumed, this proposition becomes 

E. <fe W. III. 
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^^6 prove also the proposition upon which subtraction depends, namely 

* 306 - 64 . \-:.X,YeBAt.'^iX+,Y=X+,Z.^.V=Z 


#306 01. X+,Y=M [(hm, V, p) . v. p e NC ind . V + 0 . 

X = fl|v.Y^p/v.R{(^L+,p}MS] Df 

#306'1. z R {X +,Y) 8 . = . (gp, v, p) . p, v, p e NC ind . v =|= 0 . 

X^lxjv.Y=^pjv.R ((p +e p)/v} 8 [(#306-01)] 

*306 11. h . Z +, F= F+, Z [*3061 . *110 ol] 

*30612. I- ; a ! (Z +, F) . D . Z, F e Rat [*3061 . *303-7] 

*306-121. h : p/v = p'/v' . pjv = p'/v' . D . (p +, p)jp = (p' +o p')/v' 

Dem. 

H . * 303-39 . D h : Hp . p, V, p, p', v, p' e NC ind . 1 / =]= 0 . v' =J^ 0 . D . 

P XgV' = p' X, P . p X, l>' = p' Xj V . 

[*113-43] D . (p +, p) Xo p' = (p' +c p') Xj 1 / . 

[*303-39] D . (p +, p)Ip = (p' +, p')/v' (1) 

h. *303-181. *302-36. D 

h : Hp . ~ (p, p, p, p', I/', p' 6 NC ind) . D . (p +0 p)/*' = A . (p' +, p')jp' = A (2) 
I- . (1) . (2) . *303-67 . 3 h . Prop 

*306-13. h : v=|= 0 . D . p/v +»p/v = (p +op)/v 

h . *306-1 . 3 H ; Hp . 3 .(p+op)/i/Gp/i/+»p/v (1) 

I- . *306-121 . 3 

h : p/v = pjp . pjp = p'jp . Z {(p +, p')/^'} F . 3 . Z {(p +, p)/i/} F (2) 
h . (2) . *306-1 . 3 h . p/v +, p/i; G (p +0 p)/** (3) 

h . (1) . (3) . 3 h . Prop 

*306-14. h ; V + 0 ■ <»■ + 0 . 3 . p/i/ +, p/o- = {(p x, <t) +a (v Xj p)}/(v x, <r) 

Devi. 

I-. *303.39. 3 

I- : Hp . p, V, p, <r e NC ind . 3 . pjv = (p Xj (r)/(v x, <r ) . pl<r = (p X, p)/(v x, <r) . 
[*306-13] 3 • W*' +» p/o' = {(mXo O') +o(>'Xo />)}/(»' Xc O') (1) 

f- . *306-12 . *303-11 . 3 

h :~(p, i/.p.o-eNCind). 3 . p/i/+,p/<7=A. {(pXo<r)+o(vXjp)}/(i/Xe<r)=A (2) 
I- . (1) . (2) . 3 h . Prop 

*306-141. h ;. v = 0 . V . <r — 0 : 3 . p/»/+,p/o- = A [*30612 . Transp . *303-7] 
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^306*15. h : fjujv - = . /L6 = ^ = 0 . i/, o-eNCind — 

Dem, 

h • ^306*14 . *303*66 . D h : ^ = p = 0 . 1 % o- € NO ind~ (1) 

h . *30612 . D h : fjulv -f * p/o- = 0^ . D - /i, v, /o, a- € NC ind (2) 

h . *306*141 . D h : = 0^ . D . 1/ + 0 . <r + 0 (3) 

h - (3) . *306*14 • D h : Hp (3) . D . {(/A <r) +o {v x^ p)]l{v cr) = 0, . 

[*303*66] D . (/Lt Xj, 0-) 4-g (i/ Xo p) = 0 . 1/ Xq <7 0 . 

[*110*62.*1 13*602] D./i, = p = 0.i^ + 0.(j + 0 (4) 

h.(l).(2).(4).DI-.Prop 


*306*16. h - JT +« F = p, <r) . p,, i/, p, <r e NC ind . ^ 0 - <r =]= 0 - 

Z = p/i; . F= p/cr . B ((p Xq O' +c Xq p)/v Xq or} 

[*306*14*12] 

*306*17. h : p = 0 . 1 /, p. O' e NC ind . i/ =}= 0 . o- 0 . D > p/i; ’^‘gp/(T = p/o* 

Dem, 

1“ . *303*6 . D h : Hp . D . pjv = O/o* . 

[*306*13] D . p/i; p/o* = (0 +0 p)/o' ; D h . Prop 

*306 2. h : Z +« F= 0, . = . Z = Og . F = Og [*306*15*1 2] 

*306*22. h : Z -f a F € Rat . = . Z, F € Rat 

Dem, 

h . *306*16 . *303*7 . D h : Z +, Fe Rat . = . 

(gp, Vt p, O') . p, I/, p, O' € NC ind • Z = p/i/ - F= p/o* . i; x^ o* =f 0 . 

[*113*602]= . (gp, i', p, O') . p, p, O’ e NC ind . Z = p/i/ . F = p/o’ . z/=J=0 . o- =J: 0 • 

[*303*7] = . Z, Fe Rat : D h . Prop 

*306*23 h : Z +, F € Rat — i^Oq . = . Z, Fe Rat . (Z = F= 0^) 

[*306 22 . *303*7 . *306*2] 

*306*24. I- : Z € Rat . D - Z +, 0^ - A' [*306*17*11] 

*306*26. h : Z Fe Rat . = , g ! (Z -h, I") . = . Z, F € Rat 
[*306*12*22 . *303*26 - *306*14] 

Here Z -f « F must be taken in a sufficiently high type, otherwise Z +, F 
may be null when Z, FeRat. 

*306*3. h . (X/p -fa vjp) +« O'/t = X/p 4-, {vjp -fa ot/t) 

Dem, 

h • *306*14 .DI":p=f0.p^0.T=(=O.Dj (X/p -f* v/p) 4* o-jr 
= {(X. X, p) +, (/* Xe v)\l{p Xo p) +, 0 -/t 
[* 30614] = {(X. Xe P Xe t) +e 04 Xo r Xo t) 4o (/* Xe P Xo <r)j/(p X, p X^ t) 

[*113-43] = [[X Xe (p x, t)} +0 {/4 Xo {{y x, t) +o ( p x. <t))}]/{a4 x, (p x, t)} 
[*306-14] = \/^ +, {(v X, t) +0 (p Xo 0-)}/(p Xo t) 

[*306-14] = X/yi4 +, (k/p +, o-/t) 
h.(l). *306-12. Dh. Prop 


( 1 ) 
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#306-31. \-.iX+.Y)+,Z=X+,iY+,Z) 

Dem. 

h.*306’3. D\- 1 X ^=\jii.Y=‘vlp .Z= ajr .D . 

(Z+,F)+.Z=Z+.(F+.Z) (1) 

h . ^l^306•26 . D H ; ~ (gX,, /i, v, p,a-,r) . X = \/p . Y = v/p . Z = ajT , D . 

(X+.Y)+,Z=A.X+.(Y+.Z) = A (2) 

f-.(l).(2).DI-.Prop 

*306*4. I- . X//* X, (v/p +. <rjr) = (X//* x, v/p) +, (X//i x, a/r) 

Dem. 

h . *306‘14 . D h : X, /i, i;, p, <r, T € NC ind ./A=j=0.i/4=0.<r=f0.D. 

X//t X, {vIp +, <7/t) = X//t X, [{v Xo t) +e (/> X, <f)]l(p X, t) 
[*305*14] = [X X j {(v Xj t) +0 (j> x, <r)}]/(/t x, p x, t) 

[*303*23] = [X Xj Xo {(i/ Xo t) +o (p Xo <r)}]/(/ti x^px^/j. x„ t) 

[*1 13*43] = {{X x^px^v Xo t) +0 (X Xo Xo p x^ o*)}/(p, x^px^p x^ t) 

[*306*14] = (X Xo v)/0i Xo p) +, (X Xo <t)/(p x„ t) 

[*305*1 4] = (Xfp X, vjp) +, (X/p X, <T/r) (1) 

h . *305*2 . *306*22 . D !■ : g ! X/p x, (p/p +, a/r) . D . X/p, v/p, a/r e Rat . 
[*303*7] :>.Hp(l) (2) 

I-. *306*12. *305*143. 3 

1" :gl {(Xjp x,v/p)+,(X/p x,<r/T)] . 3 . X/p,i//p,«r/T€Rat . 

[*303*7] 3.Hp(l) (3) 

l-.(2).(3).3 

~ Hp (1) . 3 . X/p X, (vjp +, o*/t) = A = (X/p X, v/p) +, (X/p x, a/r) (4) 

h . (1) . (4) .31-. Prop 

*306*41. l-.i'x,(F-H,.^) = (Zx,F)+,(Xx,2;) [*306*4*26 . *305*2] 

*306*61. \-.X+. (p/1 X, X) = (p +0 1)/1 X, X 
Dem. 

I- . *306*12 . 3 1- :. g ! {X+,(v/l x,Z)} . 3 : Z, v/\ x.Z eRat : 

[*305*3.*303*7] 3 : v e NO ind : (gp, <r) . p, o* e NO ind . o* 4= 0 . Z = p/o* (1) 
1- . *305*2 . 3 h :. g I {(./ + 0 1)/1 x. Z) . 3 : (v -Ho 1)/1. Z e Rat : 

[#303*7.*1 26*31] 3 : v e NO ind : (gp, a) . p,<r e NO ind . o* ^ 0 . Z = p/a (2) 
I- . *306*142 . 3 1- ; I/, p, O' € NO ind . o* 4= 0 . 3 . v/1 x, p/a = (v x^ p)/a . 
[*306*13] 0. p/a +, (v/1 X, p/a) = {p +c (v Xj p))/o* 

[*11.3*671] =.{(yM-ol)Xop}/<r 

[*305*14] = (v + 0 1)/1 X, p/a 

H.(l).(2).(3).3h.Prop 


( 3 ) 
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4(306'62. V i.X <, F. = : X e Rat : . Z e Rat — i‘Oj , X +,Z= Y 

Dem. 

f-. *30613. *119 34. D 

I" : ja, V, < 7 e NC ind .P’^0.<T^0.X = /i/v. F*» pja . /t x* o’ < p x, p . 

f = (» x, p) -0 (p, X, O’) . Z = f/(v Xo O’) . D . X +» -^ = (p X, p)/(v X, O’) 


[*303-23] 

= p/ff 


[Hp] 

= F 

( 1 ) 

l-.(l). *304113. 3 



b ;.X <, F. 3 :XeRat : (g^ . Z<Rat — 

t‘ 0 ,.X+,Z=F 

(21 

b . *30614 . 3 




I- : p, i/,p, o’eNCiud . p + 0 . p^O . o’4=0 . X = p/»' . Z=p/a. Y—X+,Z,0. 

F= ((p Xe <t) (v Xo p)}/{v X, O’) . [{(p Xo O’) +„ (v X. p)} X, r] > p Xe (v X, ff) . 

[*304’1]D.X<, F (3) 

f- . (3) . *3041 . 3 I- : XeRat . Ze Rat- 1‘0, . X+,X= F. 3 . X <, F (4) 

I-. (2). (4). 3 h. Prop 

The above proposition requires that X and F should be taken in a 
sufficiently high type, namely at least in a type in which, if X = p/i> and 
F = p/o’, where p Prm v and p Prm a, {v x, p) +e 1 and (p x^ o’) +, 1 are not 
null. Otherwise there may be no Z such that X +,Z=‘Y. 


*306'63. 

Dem. 


Vi. p,ve NO ind .i'^ 0 .o’^ 0 .' 7 ^ 0 . 3 : 

/*/»' +» p!^ = pIv +i^lvr=‘ pl<f - ih 


!■ . *306’12 . 3 h : Hp . p/v ■{■$ple^ p-jv +, f/u . ~ (p, o’ e NC ind) . 3 . 



pl>'+t = A . p/<r = A . 

( 1 ) 

[*306 26] 

3 . € Rat} . 


[Hp.*303-7] 

3 . (f, 17 € NC ind) • 


[*30311.(1)] 

^'^h=plo' 

( 2 ) 

b. *306-25. 3 b 

; Hp . p/v +, p/o’ => pjv +, f/i; . p, o’ e NC ind . 3 . 



f,i 7 €NCmd 

( 3 ) 


h. (3). *30614. *30339. 3 

I- :Hp(3) . 3 . {(p x. O’) +c (i/ x,p)} Xo v x„ = {(p Xo ij) -f o (>' Xof)} x^o’. 


[*113’43] 

3 . (p X, O’ Xo V Xe 77) +c Xe p Xe »?) = (p- X* O’ Xe V Xe v) +c (»'* Xe f Xe O’) . 


[*126’4] 3 . v’ Xe (ft Xe v) = >'® Xe (? Xe o) . 

[*303’39]3.p/o’ = f /77 

I- .(2) . (4) . 3 h :. Hp. 3 ;p/i/+«p/o’ = p/»'+»?/i 7 . 3 . p/o’= f/i? 
h . *3061 .31’; p/o’ = f/ 17 . 3 . p>jp +» p/o- = p/v +, ^Itj 


h . (5) . ( 6 ) . 3 1- . Prop 


(4) 

( 6 ) 

( 6 ) 
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*30664. l-:.Z,FeRafc.D;Z+.F = X+,Z. = . F=Z 
Dem. 

h . *306’26 . D h Hp . D ; X +, Fc Rat : 

[*306-25] D:Z+,F=X+,^.D.ZeRat (1) 

h . (1) . *306-63 . *303-7 . D h . Prop 

*306-66. h:F<^Z.D.~(aF).Z+,F=F 
Dem. 

h .*117-291 .*304-1 . D h ; Hp. D .~(Z <, F) . 

[*306-62] D.~(aZ).FeRat-t‘0,.Z+.F=F (1) 

h . *306-24 . *304-1 . 3 f- : Hp . D . ~(Z+,0,= F) (2) 

H. *306-26. DI-;Hp.Z+.Z= F.D.ZeRat (3) 

l-.(l).(2).(.3).3l-.Prop 

The following propositions are concerned with the existence of Z 4, F in 
definite types. It will be shown that if X, F exist in a given type, Z 4# F 
exists in the next type, i.e. if Z P and F P exist, then (Z 4# F) P to«V 

exists, where Z, F are rationale. 

*306-6. V i iiyp eD*U a 3 . (^4oP) t‘p eD‘U r\ (DU 
Dem. 

h.*306-23.3l-:Hp./*<p.3.At4op<2»-+'i (1) 

Similarly 1- ; Hp .p ^ ^ . 3 . /*4oP < 2'*''-** (2) 

, l-.(l). (2). *116 72.31-. Prop 

*306-61. 1 fi, V, p eD‘ U a Q‘ (7 . 3 . (p./v 4» p/v) a e Rat def 

Dem. 

I- . #306-13-6.31- :Hp. 3. /i./i»4,p/i/=(/t4op)/v.(/a4op)<^tV>*"^^*A‘®^*^ aQ‘17. 


[* 303 - 71 ] 3 . (p/v 4, p/v) A tjoV « R^^t def : 3 h . Prop 

*306-62. I- : p, V, p € D‘ i7 a Q‘ f/" . 3 . (p/ v 4» p/p) a t^p, e Rat def 
Dem. 

V . * 303 - 39 .31-; Hp . 3 • pfjv +, plp = p/v 4, v/v (1) 

I- . (1) . *306.-61 .31-. Prop 

*306-621. h ; <r 6 NC iud . 3 . <r’ — ^ O- 4o 1 ^ 2" 

Dem. 

I-. *116-301 -311. 31-.0»-,0 4-o1<2* (1) 

h. *116-321 -331. 3I-.1>-,14 o1<2> (2) 

h . *1 17-56 . *126-6 . 3 h . 2» 2 4o 1 < 2> (3) 

h . *306-231 . 3 I- ; Hp . <r > 1 . <r> «r 4o 1 < 2' . 3 . 

(<r 4c 1)* — c (<f 4o 1) 4e 1 ^ 2" 4o (2 X, a) . 
[*ll7-652.*116-52] 3 . (o- 4, If -„(a- 4 , 1)4. 1 < 2'+-^ (4) 

1- . (1) . (2) . (3) . (4) . Induct . 3 h . Prop 
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k 306’622. h : /t 6 NC ind — t‘0 . D , (^i* — , 1)* = /i* (2 x, fi) +o 1 

Bern. 

-.^It306-231^^. DJ-:Hp.D.(/*-.l)»+e(2x.(^-.l)}+.l = /<,* (1) 
■ . *113-43 .■*120-416 . D h ; Hp . D . {2 Xe (> 1)} +. 2 = 2 x, ^ (2) 

-.(1).(2). Dh;Hp.D,(^-,l)»+.(2x./t) = /.»+.l (3) 

- . (3) - *119’32 . D h . Prop 

^306*623. h : /i, v, p € NC ind - < /x . p ^ /Lt . D . (/i x<, /a) -fo C*' p) < 2^**“*^ 
Dem, 

h . *120*429 • 3 f- : Hp . 3 . (/x /Lt) +<, {v x^ p) < fj? -fo (a^ —o 1)* • 
[*120*429.*306*622] 3 . (p, x^ ft) +o {v p) < (2 Xe ft*) -c (2 Xo fi) +« 2 

[*306*621.*126*51] < 2^+«i : 3 h . Prop 

k 306‘624. h : /4, i/, p, O' € NC ind .i/</A.p^/x.o'^p-.3. 

0^ X, O') -f e (j' Xo p) < 2^+* 1 [*306*623] 


^306*63. h : /Lt, i;, p, O' € Z7 n . 3 . (p-/i/ +, p/o-) ^ t^^fi e Rat def 

Dem. 

h . *306*62 . 3 h : Hp • i/ = /i • 3 • {fijv +gp/o') ^ e Rat def (1) 
h , *306*624 . *305*24 . *303*71 . 3 

h : Hp .i/<p..p^/Lt.o'^/A.3. (p/j/ +, p/o') P ^ooV € (2) 

Similarly 

h : Hp .i/<p.p^p-<r^p.3 - (p/i; +5 p/o*) ^ ^oo V ^ (3) 

h.(2).(3).3 

h : Hp - 1 / < p . O’ ^ p - 3 . (p/i/ +* p/o’) P ^ooV ^ W 

Similarly 

h 3 Hp . p > 1 / . O' ^ p . 3 . (p/i/ +ir p/o') p ^oo'p 6 Rat def (5) 


h . (1) . (4) . (5) .31“: Hp • o* ^ p . 3 • (jijv 4-« p/o*) ^ e Rat def (6) 
Similarly h : Hp . p ^ o’ . 3 . {^jv +, p/o') I ^oo V ^ Rat def (7) 

h . (6) . (7) . 3 h . Prop 

The following propositions are immediate consequences of *306*63. 
^306*64. h : (fijv) ^ ti/p^ (p/^) D ^ ^ ■+*« p/cr) D ^ooV ^ 

^306*65. h : Z, Fe Rat def . 3 . (Z +, F) ^ e Rat def 

^306*66. h : Z, F € . 3 . (Z +, F) p t^^G^^G^X € G^H 

^306*67. h : Z, F € O^jy ' . 3 . (Z +, F) t t^^G^*G^X e G^H' 



^I^S07. GENERALIZED RATIOS. 


Summary of *307. 

In this number we introduce negative ratios. If X is a ratio, what would 
ordinarily be called — X is X ] Cnv. This may be seen as follows. Suppose we 

Si/ 

have RX8. We then have R (X | Cnv) 8. Now if R and 8 are vectors which 

s/ 

carry us in the same direction, R and S are vectors which carry us in 
opposite directions, ix. their ratio is negative. Hence calling the class of 
negative ratios “Ratn,” we may put 
♦307*01. Ratn *= I Cnv^^Rat Df 

The sum of ‘‘Rat” and “Ratn” we will call “Rat^,” where stands 
for “ generalized.” Thus we put 

♦307*011. Rat^ = Rat w Rat^ Df 

If fijv <rpl<T, we have {(fi/v) | Cnv} ( | Cnv5 <,.) {(/>/<r) j Cnv}. Hence 
we put 

♦307*02. <n = I Cnv5 <,. Df 
♦307*021. >n = Cnv^<« Df 

If X and F are generalized ratios, we consider X less than F if either 
X, Y are both positive and X <r F, or X, F are both negative and X >n F, 
or X is negative and F is positive or zero. Hence we put 

♦307*03. <g = (>n) ^ (<r) ^ (Ratn - t^Oq) Rat Df 
On the analogy of <„ and <p, we put 
♦30704. Hn^\Cnw^H Df 

♦307*06. Df 

We prove in this number that if is a ratio, X | Cnv = Cnv | X, and 
Cnv'(X I Cnv) = X | Cnv (♦307*21*22). We prove also 
♦307*26. h . A C^Hn = A 

We prove that Og and oog are their own negatives, but are not the nega- 
tives of anything else (♦307*26*27*31). We prove Nr'Hn^Nr^H (♦307*41) 
and Infinax . D . Hg 6 1 ; (♦307*46). None of the propositions of this number 
offer any difficulty. 
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307 01. Rat„ = I Cnv“Rat Df 

307 011. Batp = Rat w Batn Df 

30702. <„ = |Cnv»<, Df 

307021. >„ = Cnv‘<„ Df 

30703. <j, = (>„)c;«r)o(Rat„-t'0,)tRat Df 

307031. >^ = Cnv‘<„ Df 

307 04. fr„ = |Cnv;jr Df 

30706. Df 

3071. f- ; R (Z I Cnv) S. = . RXS [*71-7] 

30711. I- : R (I CnvJZ) 8. = . RXS [#307-1] 

30712. H . X I Cnv I Cnv = X [#307-1] 


307-13. h ; X I Cnv = F I Cnv . = . X = F [#30712] 

307-14. K ; F = X 1 Cnv . = . X = F I Cnv [#30712] 

30716. l-;a!X^K. = .a!/c1(X|Cnv)[(Cnv“/c) [#.307-1] 

307'16. h *r = Cnv“« . D : a ! X P (If . = . a ! (X I Cnv) ^ « [#307-15] 
307-2. h.((a/i/)|Cnv = Cnv|(/i/v) [#307-1 . #30319] 

30721. hrXeRatu t‘oo,. D.X|Cnv = Cnv!X [#307-2 . #303-7-67] 
307-22. H : X € Rat w t‘oo , . D . Cnv‘(X | Cnv) — X | Cnv [#307-21] 
307-23. \-.Cny“C‘Hn = C‘Hn [#30428 . #30313 . #307-22] 


307-24. h z fi, V, p, or e Q[‘ U . p> Prm v . p Prm a . p'^ <r , <r ^0 , D . 

^l{p/a)^(p/v)\Cov 

Dem, 


. #.303 32 . 

D h :. Hp 

.D 

(ai’.Q) 

.P.Qe Rel num . Ppo G Qp^ . 

P{pl<^)Q- 


#303-21] 


D 

i'SP.Q) 

.P.Qe Rel num . Ppo C Qpo . 

a ! P' A Qo 

z 

#300-3] 


D: 

(a.P. Q) • 

PyQe Rel num . a ! P" A Qc 

.P''AQ/* = 

A: 

#303-21] 


D: 

(a-P. Q) • 

P (p/a) Q . ~ {P (ji/i>) Q) :. D 1- . Prop 


30726. h 


= A 




Dem. 







.#307-24. 

#303-13 . 

D 






(l‘U . p, . 

Prm 

V . p Prin 

<r . D - fijv 4= (p/o’) 1 Cnv 


(1) 

. #30222 . 

#303-211 

.#304-27-28. 

Dh:Z,FeC^iy.D. 



(a/a. V, p, <T) • /*, V. 1 

0, <r € Cl^f/ 

. fjL Prm V . p Prm o* - Z = /i/j 

>.Y=pIo- 

(2) 


. (1) . (2) . D h : X, Fe C^H . D . Z + F| Cqv : D h . Prop 


20 
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#307-26. l-.0,|Cnv = 0, = Cnvi0j 

Bern. 

I- . #307*2 . 3 h . Oj I Cnv = Cnv | 0, (1) 

I- . #303*6*16 . *307*1 . 3 h : 5 (0, | Cn v) /S . = . g ! A / [ . 

[#33*22] = . a ! jB n / [* C*8 . 

[#30315] =.R0gS (2) 


t- 

#307 27. 

.(l).(2).31-.Prop 

h . « , 1 Cnv = 00 , = Cnv | oo , 

[#307*26 . #303*62] 

#307*3. 

h : Z e C‘JT . 3 . a ! (Z 1 Cnv) 1 Rel num [#304*5 . #307*16 . #300*4] 

#307*31. 

h ; Z € Rat - i‘0, . 3 . Z | Cnv 4= 0, . Z ( Cnv 4= “o « 

#3074. 

[#307*3 . #304*53 . #303*62] 

1- ; ZJy„F. = . (Z 1 Cnv)fi-(F| Cnv) 

[#150*41 . (#307*04)] 

#30741. 

l-.Nr‘ff„ = Nr‘fr 

[#307*13 . (#307*04)] 

#30742. 

h : InBn ax . 3 . Nr‘if„ = Nr‘i?„ = t) 

[#307*41 . #304*33] 

#30743. 

h : Z € C‘Hn . 3 . a ! -3^ D 

[#307*3] 

#30744. 

H . Oq, 00 C'Jjfn 

[#307*31] 

#30746. 


[#307*25*41 . (#307*05)] 

#30746. 

h : Infin a,x .0 .Uget) 

[#307*45. #304*33] 


This proposition requires ri + i+Tj =r), which is easily proved. 



*308. ADDITION OF GENERALIZED RATIOS. 

Summary of *308. 

In this number we have to extend addition so as to include negative 
ratios as addenda, and for this purpose we have to define subtraction of 
simple ratios. This is defined as follows: 

*308 0i. X F = {(a^) : Z, F, Z e Rat : 4-, F - X . RZS . v . 

Z^^.X^Y.RZS] Df 

That is to say, if F <r Z, Z — , F is the ratio which must be added to F to 
give Z, while if Z <,. F, Z — , F is the negative of the ratio which must be 
added to Z to give F. Thus we have 

*308 13. h F <, Z . V . Fe Rat . F= Z : D . Z F- {')Z){Z +, F= Z) 
*30814. h:.Z<,F.v.Z€Rat.F=Z:D,Z-,F={(?Z)(Z-|-,Z= F)jlCnv 

We have, of course, Z— «0<j = Z (*308’22), 0^— gZ = ZjCuv (*308*23), 
and Z—gZ—O^ (*308*.12). Existence-theorems for Z — , F are closely 
analogous to those for Z +« F and Z x« F. Also we have 

*308*2. h : Z, F 6 Rat . = . Z —g F e Rat^ 

We define the sum of two generalized ratios by means of the sums and 
differences of simple ratios, as follows : 

*308*02. Z 4-^ F= (Z +g F) c; (Z ~g F| Cnv) ly 

(F-gZ|Cnv)c;(Z|Cnv4-gF|Cnv)lCnv Df 

Of the four relations which occur in the above definition, all but one 
must be null if neither Z nor F is 0^. Thus if Z and F are positive, 
Z F| Cnv, F— g Z I Cnv, and Z | Cnv 4-g F| Cnv are null ; if Z is positive 
and F negative, Z 4-g F, F— gZ|Cnv, and Z | Cnv -f-g F| Cnv are null ; if X 
and F are both negative, Z 4‘g F, Z -g F| Cnv, and F— , Z | Cnv are null. 

If Z is Og and F is positive, 

Z -hg F- F-g Z I Cnv . Z ~g F| Cnv = (Z I Cnv 4-g FI Cnv) i Cnv = A. 

If both Z and F are 0^, all four relations are Og. 
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Hence we find 

#308 32. H : Z, Fe Rat . D . Z Z+, F 
*308-321. hrZcRat. FeRat„.D.Z4,F = Z-, FlCnv 
*308-322. h: FeRat.Z€Rat„.D.Z+pF=F-,Z|Cnv 
*308-323. I- : Z F € Rat„ . D . Z F= (Z I Cnv +, F I Cnv) | Cnv 

The existence-theorems for Z F are closely analogous to those for 
Z -I-, F, and the formal laws offer no difficulty. We have 

*308-62. I-:.Z, Fe Rat^,. D ; Z F= Z -1-^F. = . F= F 

*308-64. 1- : Z, Fe Rat, . D . (g.?) . Ze Rat, . Z -t-, F= F 

*308-66. 1- Z <, F . = : Z € Rat, : (gF) . F e Rat - 1‘0, . Z F = F 

*308*72. h I (Z -f-, F) (Z +, F^) • = . Z e Rat, • F Z* 

*308-01. X-,Y=M {(gF) : Z, F, F e Rat : F F= Z . RZS . v . 

Z-^;X = Y.RZS] Df 

*308-02. Z-t-,F=(Z+,F)o(Z-,F|Cnv)c; 

(F-, Z I Cnv) w (Z I Cnv 4, F ! Cnv) | Cnv Df 

*308-1. I- ; F <, Z . D . Z F= M {(gF) . F e Rat . F4, F= Z . RZS] 
Dem. 

h . *306-55 . D h : Hp . D . ~(gF) . F-t-, Z = F (1) 

I- . (1) . (*308-01) . D h . Prop 

*308-11. h;Z<,F.D.Z-*F=:K§{(gF).FeRat.F4-,Z= F.iJFS} 

Dein. 

h . *306-55 . D h : Hp . D . ~ (gF) . F4, F= Z (1) 

h.(l). (*308-01). Dh, Prop 

*308-12. h:ZeRat.Z = F.D.Z-,F=0, [*306-54*24] 

*308-13. I-:. F<,Z.v. FeRat. F=Z : D . Z-, F= (?F)(F4. F= Z) 
Dem. 

V . *306-52-24 , D h : Hp . D . (gF). F+, F= Z . Fe Rat (1) 

[-.*30654. DI-;Hp.F4,F=Z.F'+,F=Z.D.F = F' (2) 

I- . (1) . (2) . *308-1-12 . 3 h . Prop 

*308-14. [-:.Z<,F.v.ZeRat.Z=F:D.Z-,F={( 7 F)(F 4 .Z= F)}|Cnv 

[Proof as in *308*13] 

*308-16. h : ~ (Z, F e Rat) . 3 . Z F= A [(*308*01)] 

*308-16. I-:Z, FeRat. F-p,F = Z. 3 . Z-, F= F 
Dem. 

h. *306-55. *304-221. 3 h :. Hp. 3: F<rZ.v. FeRat. F = Z (1) 
f- . (1) . *.308-13 .31-. Prop 
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#30817. \-:X,Y€E&t.X+,Z^Y.O.X-,Y=Z\Cav [#306-55. #308 14] 

#308-18. 1-:F<,Z.D.Z-, FeRftt-t‘0, 

Dem. 

h. #306-52. Dh:Hp.D.(a[Z).ZeRat-t‘0,. F+,Z=X (1) 

I- . (1) . #308-13 .Oh. Prop 

#308-19. h:Z<rF.D.Z-, FeRat^-i‘0, 

Dem. 

h . #306-52 . D f- : Hp . 0 . (gZ) . Z e Rat — 1‘0, . Z +, F (1) 

I- . (1) . #308-14 . 3 h . Prop 

#308-2. I-:Z, FeRat. = .Z-,FeRat^ [#308-12-18-191.5] 


#308-21. h:Z-,F=(F-,Z)|Cnv = Cnv|(F-,Z) 

Dem. 

h . #308-13-14 . 0 

h:.Z<,F.v.ZeRat-i‘0,.Z=F:D.Z-,F=(F-.Z)|Cnv (1) 

h . #308-13-14 . #307-12 . 0 

h:. F<,Z.v. FeRat-t‘0,. F = Z:D.Z-. F=(F-,Z)|Cnv (2) 

h . (1) . (2) . #304-221 . 3 h : Z, Fe Rat . D . Z F= (F-, Z) 1 Cnv (3) 

[#307-21. #308-2] = Cnv | ( F-, Z) (4) 

f- . (3) . (4) . #308-15 . D h . Prop 


#308-22. h:ZeRat.D.Z-,0, = Z [#306-24 . #30813] 

#308-23. h ; Z e Rat . 3 . 0, Z = Z I Cnv [#308 21 22] 

#308-24. 1- ; (v/p) <r (X.//*) • ^ -»vIp= {(X x, p) {p. v)}l{p. x^ p) 

Dem. 

h . #3041 . 3 h ; Hp . 3 . X x, p > m x, v (1) 

h . #303-23 . #306-13 . (1) . 3 

I- : Hp . 3 . {(X x, p) - (fi X, v)]/{fj, Xo p) +, v/p = 

[{(X X, p) - (/i Xj v)} +0 (ji x, v)]/(p, x, p) 

[#303-23.#! 19-34] = Xfp. (2) 

h . (1) . (2) . #308-16 .31-. Prop 

#308-241. h : (X/p) <r{vlp) . 0 . X/p, vjp = [{(/* x, v) (X x, p))/(/* x^p)] | Cnv 

[#308-24-21] 

#30825. h '.X,p,v,piD‘U f\(l‘U . vIp <r Xjp . 3 . (X/p. v/p) ^ <oo V « 

Dem. 

t- . #305-24 . 3 

h : Hp. 3 . {(X x,p)-o(/* x, v)l n Xop)r\t‘peT>*U r\Q.‘U (1) 

1- . (1) . #308-24 . #304-28 .Oh. Prop 
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«308'251. h ; X, /», y, p e D‘ CT r\(l‘U . X//t vjp . D . (X//t — , vjp) ^ <oo V ® 

[*305-24 . *308-241] 

*308-262. h : X, /*, y, p e D‘ IT f\(l‘U . D . (X//* — , y/p) ^ 4oV ® 

[*308 25-261-12] 

*308-26. t- : Z, Fe Rat . X t F t ^ • (Z F) ^ <«,V « C‘H, 

[*308-252. *304-28] 

*308-261. h : Z, Fe C‘H ' . 3 . (Z F) ^ t^‘C“C‘X e C‘Hg [*308 26] 

*308 3. h : a ! (Z F I Cnv) . 3 . Z e Rat . F e Rat„ 

[*308-15 . *307-12] 

*308-301. I- ; a ! (Z 1 Cnv +, F 1 Cnv) . 3 . Z, F e Rat„ [*30612 . *307-23-12] 

*308-31. l-:a!(Z+,F).3.Z. FeRat^ [*306-12 . *308-3301 . (*308-02)] 

*308-32. l-:Z,F€Rat.3.Z+^F=Z+,F 
Dem. 

I- . *308-3-301 . *307-25 . (*308 02) . 3 

h:Z,FeRat-i‘0,.3.Z+jF=Z+.F (1) 

I- . *306-24 . *308-22-3-301 . 3 

h:ZeRat-t‘0,. F=0,.3.Z+^F=Z = Z+.F (2) 

h . *306-24 . *308-3-301 . 3 1- ; Z = 0, . F= 0, . 3 . Z F= 0, = Z +, F (3) 
l-.(2).(3).3 

Kr.ZeRat. F=0,.v. F€Rat.Z = 0,;3.Z+,F=Z+,F (4) 

h . (1) . (4) . 3 h . Prop 

*308-321. l-:Z6Rat. F€Rat„.3.Z+^F=Z-,F|Cnv 
[*306-12 . *308-3-301 . *307 25 . (*308 02)] 

*308-322. h: F€Rat.ZeRat„.3.Z+yF= F-,Z|Cnv 
[*306-12 . *308-3-301 . *307-25 . (*308 02)] 

*308-323. h : Z, Fe Rat„ . 3 . Z F= (Z | Cnv +, F| Cnv) j Cnv 
[*306-12 . *308-3-301 . *307 25 . (*308 02)] 

*308 33. H ; Z +, Fe Ratj, . = . Z, Fe Rat^ 

[*306-22. *308-2-32-31] 

*308-4. h . Z F= F+p Z [*306-11 . (*308 02)] 

*308-41. I- . Z +p F= (Z I Cnv +p Fj Cnv) | Cnv 
Dem. 

H . *307-12 . *34-26 . (*308 02) . 3 

I- • (Z I Cnv +p F| Cnv) | Cnv = (Z | Cnv +, F| Cnv) | Cnv la (Z | Cnv — , F) | Cnv 

c; (F| Cnv Z) | Cnv va (Z +, F) 

= (Z I Cnv »a F I Cn v) I Cnv (a (F-, Z I Cnv) 
o(Z-,FlCnv)»a(Z+,F) 

= Z +p F. 3 h . Prop 


[*308-21] 

[(*308-02)] 
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#308-411. h . (X F) I Cqv = Z 1 Cn V F I Cnv [#308-41 . #30712] 

#308-412. h:X|Cnv+<,F|CQv = ir|Cnv. = .Z+,F=Z 
[#308-411 . #307-13] 

#308-42. h:X,FeRat.D.(X-,F)+^F-X 
Bern. 

h . #308-12-32 . #306-24 . D h : Hp . X = F. D . (X F) F= Z (1) 

I-. #308-18-32. DI-:Hp. F<,X.D.(X-»F)+,F=(X-,F)+,F 
[#308-13] =X (2) 

h . #308-19-322 . D h : Hp . X <, F. D . (X F) +, F= F-,(X-, F) | Cnv 

[#308-21] =F-,(F-,X) (3) 

h . #308-13 . D I- : Hp(3) . D . X+.(F-,X)= F. 

[#308-16-18] D.X=F-,(F-,X) (4) 

H.(3).(4). DI-;Hp.X<,F.D.(X-,F)+^F=X (5) 

h . (1) . (2) . (5) . #304-221 . D h . Prop 

#308-43. h;X,FeRat.D.(X+jF)-.F=X 
Bern. 

h .#308-32 . D f- ; Hp . D . X+j F=X+, F . 

[#308-16.#306-22] D . (X +j, F) F= X ; D h . Prop 

#30844. h :. X, FeRat . D : X -,Z=^Y -,Z . = . X 
Bern. 

(- . #308-13-14-16 . D I- ; X = F. D . X ^ = F-, (1) 

I-. #308-2. DI-;Hp.X-,^= F-,Z. D . Fe Rat . 

[#.308-42] D.(F~,.^)+,Z=F. 

[Hp] D.(X-,.^+,Z=F. 

[#308-42] D.X=F (2) 

1- . (1) . (2) . D h . Prop 

#30846. I- :. X, Fe Rat .0:Z-,X = Z-,Y. = .X=Y 
[#308-44-21 .#307-13] 

#308-46. hiX.FeRat. F+0,.D.(X-,F)<pX 
Bern. 

h . #308-19 . D h : X <, F . D . (X F) e Rat„ - 1‘0, . X e Rat . 

[(#307-03)] 3 . (X F) <g X (1) 

h . #308-12 .Dh:Hp.X=.F.D.X-, F=0j. 

[#:304-46.(#307-03)] 3 . (X F) <g X (2) 

h . #308-13-18 . D H : Hp . F <,X . D . (X F) +, F= X . X Fe Rat- 1‘0, . 
[#306-62] D . (X F)<, X . 

[(#307-03)] 3 . (X F) X 

h.(l).(2).(3).3l-.Prop 


( 3 ) 



304 


QUANTITY 


[part VI 


*308‘47. h : X e Rat .Y,Ze Rat — i‘0q . X —,Y^X +,Z 

Dem. 

I- . *306-52 . *308-46 . D h ; Hp . D . (X FX, (Z ^ . 
[*304-201] D.X-,F+X+,^:DI-.Prop 

*30861. h;.XeRat,.D:X+jF=X. = .F=Og 

Dem. 


I-. *308-33. DI-;.Hp.D:X+i,F=X.D. FeRatj (1) 

h. *30832. DhiXeRat. F=0,.D.X+pF=X+,F 

[*306-24] =X (2) 

h . *308-322 . D I- : X 6 Rat„ . F= 0, . D . X F= Y-, X \ Cnv 

[*308 23.*307-12] =X (3) 

h.(2).(3). DI-:.Hp.D: F=0,.D.X+^F=X (4) 

It. *308-32. DI-;X, F€Rat.X+jF=X.D.X+, F=X. 

[*306-24-54] D . F= 0, (5) 

h.*308-321.DI-:X€Rat. FeRat„.X+pF=X.D.X-,FiCnv = X. 
[*308-22-4.5] D . F I Cn V = 0, . 

[*307-2] D.F=0, (6) 

1-. *308322. Dh:X€Rat„. FeRat.X+yF=X.D. F-.XiCnv = X 
[*308-23.*307-12] =0,-,X|Cuv. 

[*308-44] D.F=0, (7) 

h. *308-323. *307-14. D 

h:X,FeRat„.X+,F=X.D.X|Cnv+.F|Cnv = XlCnv. 

[(5).*307-26] D.F=0, (8) 

l-.(l).(5).(6).(7).(8).DI-:.Hp.D:X+^F=X.D. F=0y (9) 

h . (4) . (9) . D h . Prop 

*308-62. h :. X, FeRat^ .0 : X +gY= X +gZ . = .Y = Z 
Dem. 


h .*308321-47 . D h : X, FeRat . F+O,. X F= X+j,X. D . X~eRat„ (1) 


h. *308-51. D h ; X e Rat, . F=0, . X+p F = X D . X=0g (2) 

h . (1) . (2) . *308-33 . D h ; X, Fe Rat . X+, F= X X. D . Ze Rat (3) 

h . (3) . *308-32 . Dh;X, FeRat.X+,F=X+,X.D.X+,F=X+,X. 
[*306 54] D.F=X (4) 

h . (4) . *308-323 . *307-13 . D h : X, Fe Rat„ . X +, F= X +, X . 3 . F= X (5) 
h. *308-321-32-47. 3 

hrXcRat. FeRat*. X+, F=X +jX. 3 . X~eRat - 1‘0, (6) 

7 V 

h.(2)^.Tian8p.3 


^ ! X 6 Rat m Y € Ratyi — 1*0, . X +, F“ X +, X . 3 . X={= 0, 


( 7 ) 
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( 8 ) 

( 9 ) 


h. (6). (7). *308-38. D 

i X € Rat m IT e Ratn — l*0q • X Y— X Z m Z e Rat^ 

h . (8) . *308-321 . D h : Hp(8) . D . Z F| Cnv - X -,Z\ Cnv . 
[*308-45.*307-13] ^.Y^Z 

t- . (9) . *308-411 . *307-13 . D 
I" 1 Z e Ratn mYe Rat . Z +g Y^X +g ^ . 3 . Y=Z (10) 

h.(4).(5).(9).(10).Dh;Hp.Z+,F=Z+,^.D.F-Z (11) 

h . (11) . (*308-02) . D h . Prop 

*808-63. ■ h ; Z, F e Rat^ . D . Z +p ( F +, Z I Cn v) - F 
Dem. 

h . *308-321 . *307-12 . 3 h : Z, Fe Rat . D . Z +,(F+j,ZlCnv) =Z+j(F-,Z) 
[*308-4-42] nx F (1) 

h. *308-32. 3 

I- : Z e Ratn . F e Rat . 3 . Z +, ( F +p Z i Cn V ) =. Z ( F +, Z 1 On v) 
[*308-4-321.*306-22] = (F+,Z | Cnv)-.Z | Cnv 

[*308-43-32] = F (2) 

H. *808-323. *307-12. 3 

1-:Z6Rat. FeRatn.3.Z+,(F+,ZlCnv) = Z+,(F|Cnv+.Z)|0av 
[*308-321.*306-22] =Z-,(F| Cnv+,Z) 

[*308-l7.*307-12] =F (3) 

h . (1) . 3 1- ; Z, FeRatn . 3 . Z I Cnv +,(F| Cnv +j,Z j Cnv I Cnv)= F| Cnv . 
[*308-411] 3 . Z i Cnv +, (F+^ Z 1 Cnv) | Cnv = FI Cnv . 


[*308-412] 


3.Z+,(F+„Z|Cnv)«F 


|-.(l).(2).(3).(4).3h.Prop 

*308-64. h ; Z, Fe Rat, . 3 . (s^Z ) . Ze Rat, . Z +, Z= F [*308-53-33] 

*308-66. h :. Z, F.ZeRat, . 3 ; Z +,2= F. = . Z = Y+gZ \ Cnv 
Dem. 

V . *308-53-52-4 . 3 1- ; Hp . Z +, F. 3 . F+, Z | Cnv = Z 
h. *.308-53-4 . 3l-:Hp. F+,Z|Cnv = Z.3.Z+,Z- F 

I" . (1) . (2) . 3 1- . Prop 

*306-66. I- :. Z <, F. = ; Ze Rat, : (g.^) ..Ze Rat- 1‘0, . Z+,Z= F 
Dem. 

I-. *306-52. *308-32. 3 

h ;. Z <, F. = ; Ze Rat : (gZ) . Ze Rat - 1 ‘ 0 , . Z +,Z=. F; 
[*306-52-25] 3 : Fe Rat : (gZ) . Ze Rat - 1 ‘ 0 , . Z +, Z= F 


(4) 


( 1 ) 

( 2 ) 


( 1 ) 

( 2 ) 


h;.Z >„F. 3:ZeRAtn:(gZ).ZeRat-t‘0,. F|Cnv+,Z=Z[Cnv; 
[*308*55-412]3:ZeRatn:(gZ).ZeRat — i‘0,.Z+^Z** F ^^8) 
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h . *308’32’53 . »306'23 . D h : Jf e Rat,^ . Y e Rat . D . 

F+yZ|CnveRat-t‘0,.Z+j(F+(,ZiCnv)=F (4) 

I- . (1 ) . (2) . (3) . (4) . (*307-03) . D 

l-;.Z<^F.D:ZeRat3;(aZ).ZeRat- i%.X+gZ= Y (5) 

h . *35-103 . (*307-03) . D h : Z e Rat„ - 1‘0, . Fe Rat . D . Z F (6) 

h . *308-65-412 . D 

l-:Z,FeRat„.Z6Rat-t‘0,.Z+^Z=F.D.Z|Cnv=F|Cnv+,^. 
[*306-52] D . Z >„ F (7) 


t- . (6) . (7) . D I- ZeRat„: (gZ). ZeRat- 1‘0, . Z +^Z= F: D .Z <;, F (8) 
h . (1) . (8) . D H Z e Rat^ : (gZ) . Z e Rat — i‘0, . Z Z = F : D . Z <(, F (9) 
h . (5) . (9) . D H . Prop 

*308-561. Z F. = : Fe Rat^ : (gZ) . Z e Rat - i‘0g . Z +j, Z= F 
[*308-56-33] 

*308-57. h;Z<^ F.s.ZeRatj. F+^Z|CnveRat-i‘0, . 

= . Fc Ratj, . F +p Z I Cnv e Rat — 1‘0, 

Dem. 

h . *308'55-56-4 . D 

h;.Z< 3 F. = ;ZeRatj;(gZ).Z€Rat-l‘0,.Z= F+„Z|Cnv (1) 

h. *308-5.^561-4. D 

t-:.Z<pF. = : F€Ratj:(gZ).Z6Rat-i‘0,.Z=F+^ZlCnv (2) 

I- . (1) . (2) . D h . Prop 

*308-6. l-:Z,F,ZeRat.D.(Z+^F)+,Z=Z+,(F+„Z) 

[*308-32 . *306-22-31] 

*308-601. h : Z, F, Z e Rat„ . D . (Z +y F) +gZ =X+g{Y+gZ) 

Dem. 

h. *308-323. *307-12 

I- ; Hp . D . (Z +y F) +(, Z= (Z I Cnv +, F| Cnv) | Cnv +g (Z | Cnv) j Cnv 
[*308-411] = {(Z I Cnv +, Fj Cnv) Z| Cnv} | Cnv 

[*308-6.*306-22] = {Z | Cnv +j, ( F | Cnv Z | Cnv)} | Cnv 

[*308-411] = Z (FI Cnv Zj Cnv) | Cnv 

[*308-323] = Z +, ( F Z) : D h . Prop 

*308-602. I- : /i, V, p, <r, T 6 NC ind . p., p, t ~ e l‘0 . D . 

(\/p +, v/p) <r/T = (X/p it/t) +g vjp 

Dem. 

h . *308-24 . D h : Hp . o-/t <r X/p . D . 

(X/p +, v/p) a/r = {(X x„ p t) 4, (p x„ v x, t) (p Xj p Xo o-)}/(p x, p x, t) . 
(X/p tr/r) 4, v/p = {(X x^ p x^ t) (p x, p Xj a) 4o (p y-gV Xot)}/(p Xjp x.t) (1) 
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h . *308‘241 . D h : Hp . X/fi +, vjp afr . D . (\/^ +, vjp) a-jr 

= [{(/t X, p Xo <r) - (X p X, t) - (yi* Xo 1 / Xo T)}/(/t x, p x, t)] | Cnv . 
(\/fi ajr) +j vIp = [{(^ Xo t) (X X, <r)j/(yit x, t)] | Cnv +, vjp 
[#308-322-21] 

= [K/* ^ 0 P Xo O’) - Xo px^r)- (fi Xo V Xo t)}/(/* Xe p X, t)] I Cnv (2) 

h . ♦308'24’241 . D h ; Hp . \/p, <, <r/T . tr/r <, X//i 4-f v/p . D . 

(X//* +, I'/p) «r/T = l(X x„ p Xo t) +0 (y* x^ v x^ t) (fi x. p Xe o-)}/(/x Xo p Xo t) . 
(X//ti <r/T) +gv/p = [{(p Xo <r) -0 (X Xo t)}/(p Xo t)] | Cnv +, v/p 
[*308-322 21] = {(X Xo p Xo t) +o (p Xo v x, t) (p Xj p Xo o-)}/(p Xo p Xo t) (3) 

h. *3081612. D 

h ; Hp . X/p = o-/t . D . (X/p +, i//p) — , (t/t = vjp = (X/p — , (t/t) 4-^ vjp (4) 

l-.*30812-6317.D 

h : Hp . X/p +0 vjp = ff/r . D . (X/p +, v/p) -$ <tIt = 0, = (X/p <j-/t) v/p (5) 

h . (1) . (2) . (3) . (4) . (6) . D h . Prop 

*308-61. \-:X,Y,ZeBAt.0.iX+gY)-,Z^(X-,Z)+gY 
[*308-602-32] 

*308-62. F" : X, Y e Rat , Z e Rat^ • 3 • (X +g Y) +g Z — X +y ( Y +g Z) 

Dem. 

h . *308-33-321 . D I- ; Hp . D . (JT +, F) Z= (X F) Z I Cnv 
[*308-4] = ( F +p Z) — 0 Z I Cnv 

[*308-61] -(F-,.^|Cnv)+jX 

[*308-4] =X+j,(F-..?lCnv) 

[*308-321] =Z+„(F+„X);DI-.Prop 

*308-621. l-;Z,F€Rat„.X€Rat.D.(Z+„F)+,.^=X+^(F+^^ 

Dem. 

h . *308-62 . D 

h : Hp . D . (Z I Cnv F| Cnv) +, Z| Cnv = Z j Cnv (F| Cnv +gZ\ Cnv) . 
[*308 411] D . (Z +„ F) 1 Cnv Cnv = Z 1 Cnv +g{Y+gZ)\ Cnv 

[*308-411] ={Z+,(F+(,.Z)}|Cnv. 

[*308-412] •^.{X+gY)+gZ^X+g{Y-\-gZ)'.-iV. Prop 

*308-63. }t.(X+gY)+gZ=X-i-g(Y+gZ) 

Dem. 

h . *308-6-601-62-621 . D 

I" ! Z, F, F 6 Ratp . D . (Z +g F) Z—X •\-g ( F -{-g Z) (1) 

h . *308-31-33 . D 

h : ~ (Z, F. Z e Rat,) . D . (Z +, F) +, Z = A . Z +, ( F +, .3) = A (2) 

l■.(l).(2).D^•.Prop 
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♦308’71. I" ! JT 6 ^ Z {X +y Z) (^X +y Z^ 

Dem. 

h . #308'57 . D h ; Hp .'^ .Z ■\-gZ \ Cnv e Rat — i‘0q . 

[^l^308■56] D • (X +g Z) <j, {(^ +y Z) -^-g (^Z Z | Cnv)} . 

[*308-63-53] D . (X +p ^ j (X +y ^) : D I- . Prop 

*308-72. h : (X +gZ)<g(X+gZ) . = . XeRat^ •Z<gZ 
Dem. 

h . *308-33 .':>\-:(X+gZ)<g(X+gZ).':>.X,Z,Ze Rat, (1 ) 

h. *308-57.3 

I- : (X +, ^ <, (X +, X) . D . {(X +, Z) +, {X^gZ)\ Cnv} e Rat - i‘0, . 
[*308-411-63-53] 3 . (X +, X| Cnv) e Rat - i‘0, (2) 

h .(1) . (2) .*308-57 . 3 h : (X+, ^ <,(X+,X) . 3 . X<,X (3) 

h . (1) . (3) . *308-71 . 3 h . Prop 

*308-8. h : X, Fe Rat, . X ^ V, Yt <„V « C^Hg . 3 . (X +, F) ^ <„.V e C‘Hg 
[*.308-32-321-322-323 . *306-(i4 . *308-26] 

*308-81. I- ; X, F€ C'iT, . 3 . (X +, F) ^ CC'“C‘X e C‘Hg [*308 8] 



*309. MULTIPLICATION OF GENERALIZED RATIOS. 


Summary of #309. 

The subject of this number is simpler than that of #308, because it 
requires nothing analogous to the consideration of subtraction. The product 
of two generalized ratios is defined as follows : 

#30901. X X, F= (X X, F) o (X 1 Cnv x, Fj Cnv) 

c; (X X, FI Cnv) | Cnv o (X | Cnv x. F) | Cnv Df 

As in #308, three of the four products concerned in this definition will 
be null in any given case (unless X = Og or F= Og). Hence 

#30914. h:X,F€Rat.D.XxgF = Xx,F 

#309141. 1- : X € Rat . Fe Rat„ . D . X x, F= (X x, F| Cnv) | Cnv 

#309142. h: F€Rat.X€Rat„.D.XXgF=(XiCnvx,F)|Cnv 

#309 143. h ; X, Fe Rat,, . D . X Xg F= X | Cnv x, F| Cnv 

The propositions of this number are merely generalizations of those of 
#305. The proofs of the formal laws are straightforward, but the proof of the 
distributive law (#309‘37) is long, because of the multiplicity of different 
cases. 


*309 01. X Xg F= (X X, F) o (X I Cnv x, Y\ Cnv) 

o (X X, F i Cnv) I Cnv o (X I Cnv X, F) I Cnv Df 

#3091. I- . X Xg F= (X X, F) o (X I Cnv x, F| Cnv) 

o (X X, F I Cnv) I Cnv c; (X i Cnv x, F) | Cnv [(#309 01)] 

#309101. h : XeRat — l‘0g. D . X| Ctiv X, F= A [#305 2 . #307 25] 

#309 102. h : X € Rat„ - i‘0g . D . X x, F= A [#305-2 . #307-25] 

#309-11. hzglXXgF.D.X.FeRatg [#305-2. #3091] 

*309-12. h.XxgF=FXgX [#30511 . #3091] 

#309121. I- . X Xg F= X I Cnv Xg F| Cnv 

= (X Xg F I Cnv) I Cnv = (X | Cnv Xg F) | Cnv [#3091 . #307-12] 
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#809122. I- . X r I Cn V = Z j Cnv X, (X x„ F) | Cnv 

[»309-121. *30712] 

#30913. H:X,FeRat-t‘0,.D.Xx^F=Xx.F O309- 110112] 

*309131. h:.X = 0j. FeRat-t'O^.v. F=0g.X€Rat-t‘0,:D. 

Xx, F=Xx.F=0, 

DBTtt,. 

f-. *309101.3 

f-;X=0,. FeRat-i'Oj.D.Xx, F=(X x, F)c;(X|Cnv x,F)|Cnv. 
[*307-26.*306-22] 3 .X x, F=X x. F=0, (1) 

l-.(l).*30912.3h;F=0,.XeRat-i‘0j.3.Xx,F=Xx,F=0, (2) 
l-.(l).(2).3l-.Prop 

*309133. l-:X=0,.F=0,.3.Xx,F=Xx,F=0, 

[*309 1 . *307-26 . *305-22] 

*309-14. l-:X,F€llat.3.Xx,F=Xx,F [*30913-131133] 

*309-141. l-rXeRat. FeRat„.3.Xx, F = (Xx, F|Cnv)|Cnv 
[*309-121-14] 

*309-142. I-; F€llat.X€Rat„.3.Xx,F=(X|CDVx,F)|Cnv 
[*309-141-12] 

*309-143. I- ; X Fe Rat„ . 3 . X X, F= X I Cnv x, FI Cnv [*30914-121] 


*309-16. I- ! X, Fe Rat, . = . X X, Fe Rat, 

Dem. 

h. *305-3. *309-14-143. 3 

l-:.X,FeRat.v.X,FeRat„;3.Xx,FeRat (1) 

h . *305-3 . *309-141-142 . 3 

hr.XeRat. FeRat„ . v . XeRat„ . FeRat : 3 . X x, FeRat„ (2) 

3h;X,FeRat,.3.Xx,FeRat, (3) 

h . *303-72 . (*307-01-011) . 3 h : X x, Fe Rat, . 3 . g I X x, F (4) 

h. (4). *309-11. 3 h;Xx, FeRat,. 3.x, FeRat, (5) 

h . (3) . (5) . 3 h . Prop 

*309-16. h.(Xx,F)x,F=Xx,(Fx,^ [*305-41 . *3091] 


*309-17. I- : X, F ~ € t‘0, w t‘oo , . 3 . X X, F= Cnv‘(X x, F) 

Dem. 

h . ^1^309*1 nOh Xg F= {X Xg F) Cl (X I Onv x, F | Cnv) 

Cl (X Xg Y\ Cnv) I Cnv ci (X | Cnv x, F) | Cnv (1) 
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I- . *30512 . D I- : Hp . D . Z X. F= Cnv‘(Z x. F) (2) 

I- . *307-22 . D h : € Rat . D . Z I Cnv = Cnv‘(Z | Cnv) (3) 

H . (3) . 3 h ; ^eRat . X = Z| Cnv . 3 . Z| Cnv =>(Z| Ctiv)| Cnv 

[*307-12] =Z 

[*307-14] =Cnv‘(Z|Cnv) (4) 

I- . (3) . (4) . D h : Z e Rat, . D . 1 1 Cnv = Cnv‘(Z j Cnv) (5) 

h . (2) . (5) . 3 h : Hp . Z, Fe Rat, . 3 . 

Z|Cnv X, F|Cnv = Cnv‘(Z|Cnvx, F|Cnv). 
Z X, F| Cnv = Cnv‘(Z X, F| Cnv) . 
Z|Cnvx.F=Cnv‘(Z|Cnvx,F) (6) 

h . (1) . (2) . (6) . *309-1 . 3 h : Hp . Z, Fe Rat, . 3 . Z x, F= Cnv‘(Z x, F) (7) 

h. *303-13-7. 3I-:Z, F€Rat,-i‘0,. = .Z, FeRat,-i‘0, (8) 

(8). *309-11 .3 

h:~(Z, F€Rat,wt‘oo,).3.Zx,F=A.Cnv‘(Zx,F) = A (9) 

h . (7) . (9) . 3 K . Prop 

*309-21. h:.Z, F6Rat,:Z = 0,.v.F=0,: = .Zx,F=0, 

Dem. 

V . *309-14-141 . *305-22 . *307-26 . 3 h : Z e Rat, . F= 0, . 3 . Z x, F= 0, (1) 
h. *309-15. 3h:Zx,F=0,.3.Z,F€Rat, (2) 

h . (2) . *309-14-141-142-143 . *307 26 . 3 
h ;. Z X, F= 0, . 3 : Z X, F- 0, . V . Z 1 Cnv x, Fj Cnv = 0, . 

V . Z X, F| Cnv = Og . V . Z I Cnv x, F= Og : 
[*305-22.*307-26] 3 : Z = Og . v . F= Og (3) 

I- . (1) . (2) . (3) . 3 h . Prop 

*309-22. h;Z, FeRatg-i'Og.s.Zx, FeRat,-t‘0g [*309-21 . Transp] 

*309-23. f-;Z€Rat,-t‘0,.3.Zx,Z = l/l 
Dem. 

h. *309-13. 3h:ZeRat-t‘0j.3.Zx,Z = Z x,Z 

[*305-52] = 1/1 (1) 

h . *309-121 . *307-22 . 3 h : Fe Rat - t‘0g . Z = F| Cnv . 3 . Z x, Z = F x, F 
[(!)] =1/1 (2) 
h.(l).(2).3l-.Prop 

*30924 h:ZeRat,.3.Zx,l/l-Z 
Dem. 

, h. *309-14 . 3l-:Z«Rat.3.Zx,l/l=Zx,l/l 
*[*305-51] =Z (1) 

I- . (1) . *309-142 . 3 h ; Z € Rat„ . 3 . Z x, 1/1 « (Z ] Cnv) | Cnv 
[*307-12] =Z 

l-.(l).(2).3H.Prop 


(2) 
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«309‘26. V:.X,Ae'BiaA,.AfOg."^iXy.„A^A’. = .X = A'x,A 
Dem. 

l-.*309-23-2416. 3 h : Hp. D . Z = Z (1) 

t-.(l). Dh;Hp.Xx,il = ^'.D.X = ^'x,l (2) 

w 

h.(l)^^.*30915.DH;Hp.D.4' = 4'x,I x,yl (3) 

h.(3). Dh:Hp.Z = 4'x,I.D.Zx,4 = A' (4) 

h . (2) . (4) . 3 h . Prop 

*309-261. h:.X.4'eRat„. A+0,.3:Zx„A = J'. = .X = ^'x,l 
[*309-25-15] 

)l^9*26. h ; X, Fe Rat, . X =^: 0, . 3 . (gX) . Z e Rat, .X x, X= F 
Dem. 

h . *309-25 . 3 h : Hp . X == F X, X . 3 . X X, X = F (1) 

h . (1) . *309-1612 . 3 h . Prop 

*309-31. h ; X, F e Rat . X e Rat, . 3 . (X +, F) x, X = (X x, X) +, ( F x , X) 
Dem. 

h. *308-32. *309-14. 3 

I- : Hp . XcRat . 3 . (X+, F) x,X= (X+. F) x,X. 

Xx,X=Xx,X.Fx,X= Fx,X. 

[*306-41] 3.(X+,F)x,X=(Xx,X)+,(Fx,X) (1) 

h. *309-122. 3 

h : Hp . TTeRat .X= TTI Cnv . 3 . (X +, F) x,X= {(X+, F) x, TT} | Cnv 
[a)] ={(Xx,Tr)+,(Fx,F)l|Cnv 

[*308-411.*309-122] =(X x,X)+,(Fx,X) (2) 

I- . (1) . (2) . 3 h . Prop 

*309-311. 1- : X, F« Rat„ . Xe Rat, . 3 . (X +, F) x, X= (X x, X) +, ( F x, X) 
Dem. 

h. *308-41. *309-122. 3 

J- : Hp . 3 . (X +, F) x,X= {(X | Cnv+, F| Cnv) x, X} | Cnv 
[*309-31] = {(X I Cnv x, X) +, ( FI Cnv x, X)} | Cnv 

[*309122.*308-41] = (X x, X) +, (F x, X) : 3 h . Prop 

*309-32. h : (yjp) <r (V/*) • ^ • 

(V/* -» vIp) X, o-/t = {((X X, p) (jj. x, v)) x, <T\l{p. x, p X, t) 

Dem. 

h . *308*24 .31-: Hp . 3 . Xjp. p/p = ((\ x, p) — , (p, x, v))/p x, p (1) 

H . (1) . *309-14 . *306-142 . 3 h . Prop 
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ate309*33. h : X//A, vjp^ (t/t e Rat . D . 

(x//i vIp) X, (<r/T) = (X/jit X, 0 -/t) (vIp x^ ff-/T) 

Dem. 

h . #309'14' . D f- : Hp . 3 . X/p. x, ajr — Xjp, x, <r/T . vjp x, <r/T = vfp x, <t/t . 
[*305-142] 3 . X/p Xg <r/T = (X x^ <r)/(/t x^ t) . vjp Xg ajr = {y x^ o-)/(p x^ t) (1) 
l-.(l). *308-24. 3 

t- : Hp . (yip) <r (Xfp ) . 3 . (X/p Xg <t/t) (vjp Xg afr) = 

{(\ Xo a) Xg (p Xg T) -e (p Xg T) Xj (v Xg CT)] / (p Xg ^ Xj T^*) 

[*303-38] = {(X Xo a Xgp)- (p Xg V Xg <T)\I(P Xg p Xg r) 

[*309-32] = (X/p p/p) Xg ff/r (2) 

H . (2) . 3 h : Hp . (X/p) ^r(v/p ) . 3 . 

(v/p Xg a/r) (X/p Xg a/r) -(v/p-, X/p) x, <t/t . 
[*308-21 .*309-1 22] D.(X/pXg<T/T)-,(v/pXgCrlT) = (X/p—,v/p)XgCrlT (3) 
I- . *308-12 . *309-21 . 3 
I- : Hp . X/p = v/p . 3 . (X/p v/p) Xgv/T — Oq. 

(X/p Xg ff/r) (v/p Xg (t/t) = 0, (4) 

I" . (2) . (3) . (4) . 3 h . Prop 

*309'34. I- : X, F.ZeRat .(X -gY)XgZ = (X XgZ) —,(Y XgZ) 

[*309-33] 

*309-36. l-;Z,.?€Rat. Fe Rat„ . 3 . (X+, F) x,.^=(Z x,.^)+,(F x,Z) 
Dem. 

V . *308-321 . 3 I- : Hp . 3 . X +, F= Z F| Cnv . 

(Xx„X)+,(Fx,Z) = (Xx„Z)-.(FlCnvx,.?) (1) 
h.{l). *309-34.31-. Prop 

*309-36. h:X,.^eRat„. F€Rat.3.(X+, Y)XgZ=(X XgZ)+g(YXgZ) 
Dem. 

h. *308-41. *309-1 21. 3 

h:Hp.3.X+, F=(X|Cnv+,F|Cnv)|Cnv.Xx,X=XlCnv x,^|Cnv. 

Fx,.^=F|Cnv x,.^|Cnv. 

[*309-122] 3 . (X +, F) X, X= (X I Oav +, F| Cnv) x, X| Cn v . 

(X x,.^+,(Fx,2^ = (X|Cnvx,X|Cnv)+,(F|Cnvx,Z|Cnv) (1) 
h. (1).. *309-35. 3 h. Prop 

*309-361. h : X 6 Rat, . F e Ratn . Z e Rat . 3 . 

(X +, Y)XgZ^ (X Xg Z) +, ( F X, Z) [*309-311-36] 

21 
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*309-362. I- : Z, Ze Rat„ . Fe Rat„ . D . (Z +„ F) X, ^ = (Z x„.Z) +, ( F x, Z) 
Dem. 

h. #309-122. *308-41 .D 
h . (Z +„ F) X, .? = {(Z +, F) x„ i Cnv] 1 Cnv . 

(Z x„ F) +, ( F x„ F) = {(Z X, if 1 On v) +, ( F x„ ^ 1 Cnv 1 1 Cnv (1 ) 

I- . *309-361 . D 

h : Hp . Ze Rat„ . D . (Z +„ F) x, Z j Cnv 

= (Zx,ZiCnv)+„(Fx„Z|Cnv) (2) 

h . (1) . (2) . D h : Hp . Z e Rat„ . D . (Z +„ F) x „ Z = (Z x„ Z) 4-^ ( F x„ Z) (3) 
h . (3) . *309-361 . D I- . Prop 

*309-363. h:Z, F.ZeRat,. D .{Z +, F) XjZ= (Z x^Z) +j(F Xj,Z) 

Dem. 

1-. *309-35-1 2. *308-4. D 

h: F-^eRat.ZeRat„.D.(Z+jF)x3Z = (Z X3Z)+j(Fx,Z) (1) 

h . *309-36 . D 

h: FeRat.Z,ZeRat„.D.(Z+jF)X 3 Z = (Z XjZ)+j(Fx,Z) (2) 

l-.(l).(2).D 

l-:ZeRat„. Fe Rat . Ze Rat,. 3 . (Z+y F) x,Z = (Z XyZ)+j(F x^Z) (3) 
h . (3) . *309-31 . D 

I- ; Z e Ratj . Fe Rat . Z e Rat, . 3 . (Z +j F) x, Z = (Z Xg Z) +, ( F Xg Z) (4) 
h . (4) . *309-362 . 3 h . Prop 

*309-37. h . (Z +j F) X j Z = (Z x ^ Z) +, ( F x , Z) 

[*.309-363-11-15 .*308-31.33] 

*309-41. h:.Z€Rat-t‘0,.3:(4 Xj,Z)<j F. = . Z <j(Fx,il) 

Dem. 

h. *308-56. 3 h:.(Z x,Z)<jF.h : 

A X5ZeRat,:(aZ).Z€Rat-i‘0,.(Z X5Z)+,Z=F (1)' 
h . (1) . *309-15 . 3 h :: Hp . 3 :. (^ Xj Z)<, F. = : 

ZeRat,:(aZ).ZeRat-i‘0,^.(^ XjZ)+jZ= F: 
[*309-25-37-23-24] 3 : Z c Rat^ : (gZ) . Z e Rat - 1‘0, . Z +, (Z Xg^ ) = Fj< , : 

[*305-31. *309-13] 3 : Z e Rat, ; (gZ ) . Z' e Rat - 1‘0, . Z +„ Z' = F Xg Z : 
[*.308-56] 3 : Z <g ( F Xg Z) 

Similarly !■ :. Hp . 3 : Z <g(F XgZ) . 3 . (Z XgZ) <g F 
1- . (21 . (31 . 3 1- . Prop 


( 2 ) 

( 3 ) 
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«309’42. h -A 6 Rat„ - 1*0, . D : (4 XgX)<gY . = .{Y XgA)<gX 
Dem. 

l-.)((307'4. #309122.3 

h;. Hp.3;(ilx,Z)<,F. = .(F|Cnv)<,(4|Cnv x,X). 

[#309-41 .#307-22] = . (F j Cnv x, 1 1 Cnv) <, X . 

[#309-121] = .(Fx,i4)<, Z :. D h . Prop 

#309-6. I- ; Z, Fe Rat, . Z t «„V, F I > e C‘Hg . 3 . (Z x, F) ^ e C‘Hg 
[#309-14-141-142-143 . #306-26] 

#309-61. \-:X,YeC‘Hg.:>.iXxgY)lt^‘C“C‘X€C*Hg [#3095] 



*310, THE Series of real numbers. 


Summary of *310. 

Real numbers, as opposed to ratios, are required primarily in order to 
obtain a Dedekindian series, so as to secure limits to sets of rationals having 
no rational limit. If rationals and irrationals are to form one series, it is 
necessary to give some definition of “ rationals other than “ ratios,” since 
the series of ratios (assuming the axiom of infinity) is not Dedekindian, and 
is not part of any arithmetically definable Dedekindian series. But in virtue 
of the propositions of *212, the series of segments of the series of ratios, 
i,e, the series is Dedekindian, and this series contains a series, namely 

which is ordinally similar to jBT. Thus the properties which we desire 
real numbers to have will result if we identify them* with segments of Hy 

and give the name rational real numbers ” to segments of the form WXy 

i,e, to segments which have ratios as limits. Thus H^X is the rational real 
number corresponding to the ratio Xy and a real number in general is of the 
form where \ is a class of ratios. will be irrational when \ has 

no limit or maximum in H, 

Since real numbers involve classes of ratios, the ratios concerned must be 
of some one type, and cannot be typically indefinite. Thus, as might be 
expected, hardly any of the properties of real numbers can be proved without 
assuming the axiom of infinity. In the present number, however, we shall 
be mainly concerned with just those few simple properties which are inde- 
pendent of the axiom of infinity. 

The series by which real numbers are to be defined, has both a 
beginning and an end, namely A and D^£f (which = G^H if the axiom of 
infinity holds). will be infinity among real numbers. It is not con- 

venient to include it in the series of real numbers as defined, just as it was 
not convenient to include oo ^ in the series H or H\ Again A is not 
naturally to be taken as the zero of real numbers, which should rather be 
taken as being Thus we. are led to the two following definitions, in 

which 0 is the series of positive real numbers other than zero and infinity, 

* On this definition of real numbers, cf. Principles of Mathematics, Chap, xxxin. 
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while 0' is the series of zero and the positive real numbers other than 
infinity : 

*31001. 0 = Df 

*310*011. 0'=:t^O^4f 0 Df 

These notations are framed on the analogy of H and the letter 0 
being chosen to suggest 0, the relation-number of the continuum. Although 
we do not have Nr‘0=:0, we have = and therefore (*310*15) 

1 4- Nr^0 4* i = ^, and Nr^0' 4- i = ^ (assuming the axiom of infinity). Thus 
the relation-number of 0 is simply that of a ^ with the ends cut off. 

We put further, on the analogy of Hgy 

*31002. Df 

*310021. 0'n = t^O^^0n Df 

*31003. 0^=0„4i0' Df 

Thus 0,1 is the series of negative real numbers, 0'n the series of zero and 
the negative real numbers, 0^ the series of negative and positive real numbers 
including zero (infinity always excluded). The class of positive real numbers 
is (?'@, of negative real numbers (7^0n, of all real numbers (excluding infinity) 
u iH^Oq w If I# is a positive real number, | Cnv^i^ is the corre- 

sponding negative real number (*310*16). The properties of 0, 0n, 0^ in 
respect of limits, continuity, etc., result from the properties of 0 as proved in 
*275, and from the properties of series of segments as proved in *212. 

Instead of taking the series of segments as constituting the real numbers, 
it is possible to take the series of their relational sums, i.e, i^0. This 
depends on the fact that s^0smor@ (*310*33). The chief advantage of 
5^0 is that it is of the same type as the series of ratios. We shall show in 
*314 how to construct the arithmetic of real numbers defined as the relational 
sums of segments ; until then, we shall regard real numbers as segments of 
the series of ratios. 


*31001. @ = (s^fl)D(-t^A-t‘D^^r) Df 

*310*011. 0' = t^O,^0 Df 

*31002. @n=(s^^n)D(-^'A-t^D^^r„) Df 

*310*021. @'n = t^O^<+0n Df 

*31003. 0^=@n4i0' Df 


*3101. h . 0, 0', 0n, 0'n, e Ser [*304 23 . *307*41*25 . *204*5 . *212*31] 
*310*11? f- : ^ € D^He — * fiC. v m v • 

= m fiyV€ ■ 3 1 M • 3 1 D'JT — 1/ . 3 ! 1/ — /X • 

= * fiyV e o m fxQv m fjL^ V 

[*212*23132 . *211*61 . (*310*01)] 
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4(310‘111. H : • = • fi,ve T>‘(Hn)t — t‘A — . fiCp . v . 

= .ti,ve 'D‘(Hn)t . a ! /* . a ! 'D‘Hn — v.^lv — fi, 

= .fi,ve D's‘jffn ^ • fiCv . [(*310‘02)] 

4(310'112. h fi®gv . = : /*0n*' • v . /*0i/ . v . 

H € C‘0„ . V e i‘l% w O‘0 . V . /It = t‘0, . p e C7‘0 [(*310-03)] 

*310*113. I" /t0'i/ . = : ;t= i‘0g . ve (7‘0 . V . /t0i/ [(*310-011)] 

*310-114. I- fi^'nv . = :fJi = i% . v e C‘0„ . v . /t0„j/ [(*310 021)] 

*310-12. h . C‘0 = D‘s‘ff « a‘s‘fl = - i‘A - . 

O‘0„= D‘s‘^r„ n aWHn. = D‘(H„)e - t‘A - [*212-132] 

*310 121. h . (7‘0 C Cl ex‘D‘ir . C"©* C Cl ex‘D‘J?n [*31012] 

*310122. h:a!3. = .a!@. = .a!0'. = .a!0n* = -a! 0'n • = • a ! 0j 
[*212-14 . *161-13 . *304 27] 

*310-123. I- ; a ! 3 . 3 . C‘0' = u C"© . C‘©'„ = t't'O, w (7‘0„ . 

C‘@j, = O'©* V i‘t‘0, w (7‘© [*310-122 . *161-14] 

*310-13. 1- . C"© n C‘0„ = A . s‘C‘@ rt s‘O‘0„ = A 
ilm. 

h.*3ioii-iii.Di-:MeC‘©.i;€C‘@„.D.^cD‘fr..<cD‘ir„.a!/it.ai*'. 
[*307*25] D./t=^>'./itrti/ = A:DI". Prop 

*310-131. h. i‘O,~€O‘0v;C‘@n [*304-282] 

*31014. h . ©„ smor © [*212-72 . *307*41] 

*310*15. V : Infin ax . D . 0' -f» G‘H, ©'„ C‘Hn, C‘Hn *1- ©g C‘H e 6 
[*304-33 . *310-14 . *275*21] 


*310151. t- : Infin ax . 3 . ©', ©'„ e Ser n comp n semi Ded 
[*310-15 . *275-1 . *271-18 . *214*74] 


*310-16. H: v€C‘©.s.iCnv“i/eC‘@„ 

*310-17. l-.|Cnv“|Cnv«i/ = »/ 

*310*18. I- : /t = I Cnv“v . = . j» = | Cnv“/tt 
*31019. h : ^ = p. = . I Cnv“^ = I Cnv‘'i/ 

*310-31. h : /t e (7‘@ w C‘0„ . D . a j («‘/t) t “u™ 


[*310-12 . (*307-04)] 
[*307-12] 

[*310-17] 

[*310-17] 

[*304-5. *310-121] 
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^310’32. V i. n,ve 0‘@g . D : s^/j, = 8‘v . = . fi = v 
Bern. 

l-.^it310-31 .*303-62.3 

\-ifie C‘@ o (7‘@„ . p = l‘0g . 3 . a I {s‘fi) ^ Rel num . ~ a ! (,s*v) ^ Rel num . 


3.«‘/t4=s‘i' (1) 

h . *310-12-31 . *307-25 .DV : .pe C‘%„ . 3 . «> + s‘p (2) 

h . *31011 .31-:. fi®p . 3 : a • ■ 

[*310-121] 3 : (ap. O’) • pl<f^v : 1/-^ e/i . 3j,, . • 

[*303-52] 3 : (aP) <r, R,S) : pfa- ep . R{pla)8 : ^jriep,. 3f,, . ~ {R • 

[*4111] 3 : a !s‘*'-=-sV 

h . (3) . *310-1 . 3 h : /i, j/ e . /a i* . 3 . s‘fi 4= s‘p (4) 

Similarly : /a., e C‘@„ . ^ i* . 3 . s'/t ^ s‘v (5) 

h . (1) . (2) . (4) . (5) . 3 1- Hp . 3 : M + v . 3 . sV + 

1- . (6) . Transp .31-. Prop 


*310-33. h .iJQsmor© .s50„8mor@„.55@gsmor0j, [*31032] 



* 311 . ADDITION OF CONCORDANT REAL NUMBERS. 


Summary of *311. 

We define a sefc of real numbers as concordant when all are positive 
or zero, or all are negative or zero, i.e. when all belong to or all belong 
to (7^0n- Given two concordant real numbers and v, we define the sum of 
//. and V as the class of sums, in the sense of *308, of a member of and a 
member of v, i,e, as 

W[{^M.N).Mey..N€v. W^M^gN], 

as in virtue of *40*7. It is easy to prove that, assuming the 

axiom of infinity, the sum so defined has the properties we require of a sum. 
We denote the sum so defined by In order to insure that 

shall be A unless /i, v are concordant real numbers, we put 

* 311 * 02 . X {concord {/m, v) • X e s^fi +g^^v\ Df 

Thus if /i, p are concordant real numbers, /it+p = (*311*11); if 

not, y,+pP — K (*311*1). A definition of addition which applies to real 
numbers of opposite sign will be given in *312. 

The commutative and associative laws for (*311*12*121) follow at 
once from the corresponding laws for Assuming the axiom of infinity, 
we prove without much difficulty that the sum of two positive real numbers 
is a positive real number (*311*27), and the sum of two negative real 
numbers is a negative real number (*311*42). In these proofs, when propo- 
sitions of previous numbers involving “ Rat are used, “ Rat is replaced by 
and “Rat — by G^H, This is legitimate in virtue of *304*49*34. 
In *311*511 we prove (assuming the axiom of infinity) that if f is a positive 
real number, and Y is any positive ratio, however small, there are members 
X of f such that F 4-g X is not a member, of i.e. given any positive real 
number, there are rationals differing from it by less than any assigned positive 
rational. This proposition is useful, and is used in proving that if f, rj are 
positive real numbers, each is less than ^•¥prj (*311*52). The converse of this 
proposition, ie, the proposition that, if fi&p, there is a positive real number 
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\ such that i/ = /i.+pX, is proved in ^311*621*64, after a considerable amount 
of work. Thus we have 

^11*65. h :: Infinax . D /m%v . = : : (gX) 

We have, of course, a corresponding proposition for 0n (*311*66). From 
*311*65 we deduce without diflSculty that if /a is less than v (fi, v being 
positive real numbers), then X -fp ft is less than X +p i/ (X being a positive 
real number), i,e, 

*311*73. t" : Infin ax . X e (7^0 . . D . (X -f p /i) 0 (X +p v) 

whence (with the corresponding proposition for 0„) we deduce 
*311*76. h Infin ax . concord (X, /i) . D : X -f-p /^ = X 4-p i/ . = . /a = i/ 
which secures the uniqueness of subtraction. 

*311*01. concord (/a, i/, ...)■ = : /i, i;, ... e . v . /i, i/, . . . e C^@'n Df 
*311*02. ^ {concord (/i, v)mX € s^fx Df 

*311*1. h : ^ concord (/i, i/) . D . /a +p i; = A [(*31 1*02)] 

*311*11. 1“ : concord (/Lt, v),D , 

fi'¥pv W [{•^M,N) . M € fi • N €v .W = M-^gN} 

[(*31102)] 

*311*12. • fi'^pv= v-hpfi [*311*1*11 . *308*4] 

*311*121. h . (X +p /x) -hp i; = X -fp (/X +p v) [*311*1*11 . *308*63] 

*311*13. t" : concord (/x, z/) . = . concord (| Cnv^ 1 Cnv^^y) 

[*310-16 . (*311*01)] 

*311*14. h : concord (/X, | Cnv^^i;) . = . concord (| Cnv^'/x,r) [*311*13. *310*17] 
*311*16. h : concord (/x, | Cnv^^i/) . D - concord (/x, v) [*310*13*16] 

*311*2. h ; Infin slx . ^ CG^B . X eC^H .D.X = H^^X +/'? 

Dem, 

h . *308 72 . *304*34*401 . D h Hp . D : Fe Z • = • 

{^Z,Z').Z'€^.Z€G^H.Y=^X^gZ.{X^gZ)H{X-\-gX). 
[*37*6] = . (a^, r ) . z € . F= z ^ . F e z • ysy' • 

[*306*52] = . Fe H^^X V'f . Z^F D h . Prop 

*311*21. h : Infin ax . | C (7^^ . 3 ! f • ^ . D . H^^X C W^X 

Dem, 

h . *306*52 . *304*401 .Dh:.Hp.D:F€f.D. XH{X +p F) : 
[*40*51*61] D : Z e H^^X (1) 

h.(l). *304*23. Dh. Prop 


R. A W. III. 
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*311-22. h:Infinax.fCC'f?.a!f.ZeO‘Zr.3. 

W‘X +/‘f = u X 

Dern. 

h. *304-23. D V .H“X +g“^ = {H"X +g‘‘^n'H^^X)yj{H‘^X +g“^r^%X) (1) 
l-.(l). *311-2-21. Dh. Prop 

*311-23. I- : Infin ax . f e O'© . Z e O'if . 3 . H"X +/‘f = ^*‘Z w Z 
[*311-22. *310-12] 

*311-24. h :. Infin ax . f e C"© . Ye C‘H.D : 

CiZ).ZHY. YeZ^^g"^-. Yes‘^+g“H‘Y 

» 

Dem. 

h.*304 31 .DI-;Hp.D.(air). We^. WHY. 

[*306-52] 3.(a^, W). We^.ZHY. Y=Z+g IT: 3 h. Prop 

*311-26. h : Intin ax . e G‘@ •^•^C^+ptj.ijC^+pr) 

Dem. 

h. *310-12. 3t-:Hp. Fe»,.3.iPFC»7. 

[*311-24] 3.Fes‘f+/‘’? (1) 

l-.(l).*311-11.3l-:Hp.3.,7Cf+p»7 ” (2) 

F . (2) . *31112 . 3 h ; Hp . 3 . ^ C ^ t; (3) 

h . (2) . (3) .31-. Prop 

*311-26. h : Infin ax . »7 e (7‘© . 3 . H“(^ +pV)= ^ +pV 

Dem. 


h . *311-23 . 3 h :. Hp . 3 : Fei? . 3 . H‘\^+g F) = F w (^1“^ ) +j F: 

[*3iril.*310-12] 3 : H‘\^ +p v) = ^*‘% (? ^p v) 

[*311-25.*310-12] = f +p»/ :. 3 H . Prop 


*31127. h : Infin ax . f, « C‘© .0 .^+prfe C‘@ 

Dem. 

h . *311-25 . *310-12 . 3 h : Hp . 3 . a ! ^ +p t; . 

[*311-26.*310-12] 3.f+pi>ea‘@ wi'D'il (1) 

h. *310-12. *211-703. 3 


I- : Hp . 3 . (aiH, N).M,Ne . M e . N e . 

[*308-32-72.*306-23] 3 . ('^M, N).M-i-gNe p‘H“(^ +p tf ) n D‘H (2) 

h . (2) . *200-5 . 3 h : Hp . 3 . f +p + D*H (3) 

h . (1) . (3) . 3 h . Prop 

The axiom of infinity is essential to the truth of the above proposition, for 
if it fails we have E ! B‘H . B‘H <>.^6 f +p t), while p e (7‘© . 3 . B‘H ep. 



sEcn 


«31 

l-.*31113-l.D 

h : ~ concord (/*, v) . D . | Cnv“(/t +p v) = A . (| Cnv“/i) +p ([ Cdv“i>) = A (1) 
H . *31113'11 . D h : concord (/t, i>) . D . | Cnv“(/i* +p *') “ I Cnv“s‘/it -l^“v 
[#308-411] =s‘(lCnv“/*)V‘(|t!nv“i/) ’ (2) 

1- . (1) . (2) . D h . Prop 

#311-32. I- . I Cnv“0t +p I Cnv“«/) = (j Cnv‘V) +, v [#311*31 . #310-17] 

#311-33. h.fi,+pv = \ Cnv“{(| Cnv‘» +p(i Cnv“i/)} [#311-31 . #31018] 

#311-41. h : Infin . fi,p e C‘0n • D • C /4 +p v .v Q fji v 
Dem. 

h .#311-25 .#31016 . D h : Hp . D . |Cnv“/t C(1 Cnv“/t)+p(| Cnv“p) . 
[#311-33.#31017] ^.ixCfi+pV (1) 

Similarly I- ; Hp . D . p C /t +p v (2) 

h . (1) . (2) . D I- . Prop 

#311-42. h : Infin &x .fi,v€ C‘&n . 3 . /a +p p e (7‘0n 
Dem. 

V . #311-27 . #310-16 . D I- : Hp . D . (1 Cnv'V) +p (1 Cnv“i/) e (7‘0 . 

[#31 1-33.#310-16] 3 . /* +p v e (?‘@„ : 3 h . Prop 

#311-43. h : fie O‘0j . 3 . /* +p i‘0q = 

Dem. 

h . #31111 . 3 I- : Hp . 3 ./*+pt‘0,= {(3-^) . M eji. W =‘ M 

[#308-61] = /* : 3 1- . Prop 

#31144. H : Infin ax . concord (/*, p) . 3 . /* +p p e O‘0j [#311-27-42-43] 

#311-45. 1- :. Infin ax . concord (ji, v ) : /t4= t‘0g . v . v = t‘0g zD./iCfi -t-pv 
[#311-26-41-43] 


#311-61. l-:Infinax.feD‘ife-i‘A.FeO‘H. F+/‘f Cf.3.f=(7‘H = D‘H 
Dem. 


h. #38-13. 

3 h : Hp . Z 

6f.3.F+pZef. 


[#306-52] 


3. Fel 

(1) 

H. #306-51 

.3 



h : Hp . V 6 

NCind.Ze 

f. F+p(j;/l x.Z)ef.3.F+,{(p+,l)/l x.Z}€ 

f (2) 

h.(l).C2) 

. Induct . 3 h 

:Hp.j»«NCind.Zef.3. F+p(p/l x,X)e^ 

( 3 ) 

h . #305-7 . 

#306-52 . 3 



h:Hp.X: 

ef.ZeO'H. 

3 . (gp) . V 6 NC ind . Zff { F +, (p/1 x, Z)} 

(4) 

i-.(3).(4) 

.3l-:Hp..Z 

€ C‘H . 3 . Ze { : 3 h . Prop 
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#311-6n. h:Infinax.fe(?‘e. F«C'‘fl^.D.(aX).Zef. F+,Z~ef 
[*311-51 . Tranep] 

*311*52. K : Infin ax. ^,r)e (7*0 . > . f 0 (f +p ij) 

Bern. 

h. *311-611. D H :.Hp. D : F€0‘fl^.D.(aZ).Ze|.Z+,F~6f: 

[*311-11] D:(aZ, F).Z+,Fe(f+,v)-f: 

[*310-ll.*311-27] D : f0 (f +p »>) :. D I- . Prop 

*311-63. f-;Infinax.f,i7€(7‘0„.D.f0„(f+pi,) [*311*52-33] 

*311*66. h Infin ax . f e O‘0j . D : f = f +y . = . 17 = l‘0, [*311-1*43-52*53] 

*311*57. h :: Infin ax . D :• f +pV • = ‘ f = A . v . ^ e C'0p . »? = t‘0, 
[*311-56-1] 

*311-68. Infin ax. /t€C'‘0.D.^ = .ff‘V [*304*3 . *270*31] 

*311-6. V ilixfin&x . ti%v . X,Y €v - fi.. XHY . M e n . M +g{Y -,X)ev 

Dem. 

H . *310-11 . 3 H : Hp . D . MHX . 

[*308-42-72] D.{J/+,(F-,Z)].ffF (1) 

l-.(l). *311-68.31-. Prop 

*311*61. I- : Infin ax . fi%v . 

\ = .2{(aZ,F).Z.Fep-/4.ZiyF.Z= F-,Z}.3. 
[*311-6] 

*311*62. I- : Infin ax . /i@v . Z e 1/ — /* . 3 . (aZ) .Yep — /i. XHY 
Dem. 

I- .*311-58 . 3 1- : Hp . 3 . XeH“v-H“fi ; 3 H . Prop 


*311-621. l-:Hp*311-61.3.X€(7‘@ 

Dem. 

I-. *311-62. 3h;Hp.3.a!X (1) 

1-. *308-46 . 3l-:Hp.3.XClI“j; (2) 

I-. *311-62. 3l-:Hp.Z,F€i/-^.Zfi^F.3.(a^).Z6i;-/t. YHZ . 

[*308-42-72] 3.(a-^)..^er-/*.(F-,Z)ir(Z-,Z) (3) 

l-.(3).*37-1.3l-:Hp.3.\C/f“X (4) 

h. *308-56-42-72. 3 

I- : Hp . Z, Ff p - ya . XHY. LH(Y-, Z) . 3 . ZH(Z +, A) . (Z +gL)HY. 
[*310-ll.*308-43] 3.ZeX (5) 

H. (5). *37-1. 3l-:Hp.3.H“xC\ ’ (6) 

l-.(l).(2).(4).(6).3h;Hp.3.\eD‘.ffe-t‘A-t‘D‘.tf . 

[*310-12] 3 . \ e (7*0 : 3 1- . Prop 
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*311-63. I- : Infinax .v eC‘S . X ev . N e C*H . (gZ) . LHN.X \-gLev 

Dem. 

V . *311-68 . D h : Hp . D . (a F) . Fe z; . XHY (1) 

I- .*308-42 . D h : Hp. Yev.XHY.Z^ Y -,X .ZHN .O.ZHN.X+,Zev (2) 
h. *308-42-72.3 

\-'.B.ip.Y€v.XHY .Z=Y-,X.NHi^Z. LHN.-^. LHN.X -^-fLev (3) 
H. (3). *311-68. 3 

V‘.YL^.Yev.XHY.Z=Y-,X.NH^^Z.-^.{’^L).LHN .X-\-gLev (4) 

h.(l).(2).(4).3l-.Prop 

*311-631. h : Infin ax . /x.0i / . N e ix . 

(•^M,X,Y).Me^L.X,Yev-iM.XHY.N=M+giY-,X) 

Dem. 

h. *311-68. *308-72. 3 

H : Hp , X ev — fi . LHN .X +g Lev. Y=X+gL.M = N—gL.1i. 

Mefi.X,Yev-ti.XHY.N=M+giY-,X) (1) 
h . (1) . *311-63 . 3 F . Prop 

*311-632. h : Infin ax . fiSv . N ev — ft.. 3 . 

(aitf, W).Meii.M+gW,N-^gWev-fi.{M+gW)H{N-^gW) 


Dem. 

t- . *306-52 . *311-63-58 . 3 1- : Hp . 3 . (g . W «, (?*£? . iV +, F e v - /z, (1) 

|-.*311-611.3l-:Hp. WeC‘H.O.{^M).Me^.M+gWo-efi (2) 

(-.*311-58. 3l-;Hp. W€C‘H.D.MHN. WeG‘H. 

[*308-72] 3 . (M+g W)H(N+g W) (3) 

|-.(3).*311-68.3l-;Hp(3).iV+,Fei>.3.if-f, Wev (4) 

(-.(2). (4). 3 

l-:Hp. WeG‘H.N+gWev-^L.'^.{’3.M).Me^t.M+gWev~^^ (5) 

I- . (1) . (3) . (6) . 3 I- . Prop 

*311-633. I- ; Infin ax . /iSv .Nev.O. 


(glf.X, Y).M cfk.X, Yev — fi.XHY . N — M+g{Y—,X) 

Dem. , 

f- . *308-61-4-63 . 3 

\-:ll^.MHN.X = M+gW.Y=^N+gW.O.N^M+g{Y-,X) (1) 

H . *311-632 . *308-72 .3(-:Hp.iV~€/;t.3. (gilf, F, X, F) . 

Mefi.X = M+gW.Y=N+gW.XHY.MHN.X,Yev-n (2) 
I- . (1) . (2) . 3 I- ; Hp . e /* . 3 . 

(^M,X, Y) . M e (i. X,Y ev — ft.XHY . N ’ b: M + f{Y X) (3) 
(-.(3). *311-631. 3>. Prop 
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4^11*64. h : Hp 9 k311'61 . D . p = /a +p X 
Dem, 

I- . *311*633 . D . i» C 8‘/t +/‘>- (1) 

h . (1) . *311*621*61 . D I- ; Hp . D . X e (7‘e . K « +j“X . 

[*311*11] D.i; = /*+pX;3h.Prop 

*311*66. H :: Infin ax . 3 /*0i> . = :/*, w e O‘0 : (gX) . X e (7‘0 . v = /a +p X 
[*311*62*64] 

*311*66. H :: Infin ax . D :./a0nV • = : /*,«' eO‘0„ : (gX). Xe C‘0n. i/ = /*+pX 
Dem. 

I- . *310*11*111 . D h : /t0„i» . = . (I Cnv‘V) 0(1 Cnv“v) (1) 

h.(l). *311*66. Dh::Hp.D:. 

/<,0„i> . = ; 1 Cnv“/i e (7‘0 : (gX) . X e C‘0 . | Cnv“v = | Cnv“/a +|, X : 
[*311*32.*310*16*19] s : /* e O‘0« ; (gX) . X e (?‘0„ . i; = /* +pX :: 3 I- . Prop 

*311*73. H : Infin ax . X e C‘0 . /*0j> . D . (X +p /*) 0 (X +p v) 

Dem. 

I" . *311*66 . D h : Hp . D . (gp ) • pe C‘0 .v — p>+pp • 

[*311*121] D . (gp) . p e C‘0 . X+j, j> = (X 4-p +p p (1) 

h. *311*27. Dh:Hp. 3. X+p,*.X+pj/eC‘0 (2) 

h.(l). (2). *311*65 .Dh.Prop 

*311*731. I- : Infinax. XeC‘0n.^0„i> . D . (X+p/*)0„(X4-p»') [*311*73] 


*311*74. }■ :. Infin ax : X,p. e C‘0 . v . X, p. £ C‘0n ;3:X+pp=!X+pV. = .p = i' 
Dem. 

!■. *311*27*1 . 3 h : X,pcC‘0 . X+pp = X4-pi' . 3 . ve C‘0 (1) 

I- . *311*73 . Transp . 3 h : Hp (1) . 3 . ^ (p0v) • {v^p) (2) 

h.(l).(2).*310*l. 3h;Hp(l).3.p = i; (3) 

Similarly l-:X,peC‘0n.X+pp = X+pi;.3.p = y (4) 

h.(3).(4).3l-.Prop 


*311*76. h :. Infin ax . concord (X, p) . 3 ; X +p p = X 4p p . = . p = >> 
[*311*74*43] 



*312. ALGEBRAIC ADDITION OF REAL NUMBERS. 


Summary q/‘*312. 

In this number we extend the definition of addition so as to apply to real 
numbers of opposite sign. As in *308, this requires a previous definition of 
subtraction. We define subtraction as follows: If there is a A. such that 
\ = /A, then /A —p i; is X ; if there is a X such that /x. 4-p X = i/, then /x — p i/ is 
I Cnv^% f.e. the negative of X; in any other case, /x— pi; = A. The formal 
definition is : 

*312*01. /X — p = A {(gX) : X, /X, z; € G^%g : 

z'4-pX = /x.A€X.v./tx4-pX = z/-Ae| Cnv^^X} Df 

Hence assuming the axiom of infinity we have 

z/ (0 c; 0n) /z- . D - /X —p i; = (?X) (i/ 4-p X = /x) (*312*18), 

/X (0 c; 0n) z; . D . /X — p V = (?X) (/x 4-p | Cnv^^X == v) (*312*181), 

X € G^®g . D . X -p X = (*312*191). 

The algebraic sum of /x and v is defined as /x+pz/ if /x and v are of the 
same sign, and as yx — p | Gnv^^v if /x and v are of opposite signs ; i,e. we put 

*312*02. /X zx = (/X +p zx) u (/X — p I Cnv‘‘z^) Df 

This definition is justified because either fi+pV or /x— pjCnv^^z^ must 
always be A. Thus we have 

*312 32. h : concord (/x, z/) - 3 - /x +« z/ = /x +p z/ 

*312*33. 1“ : concord (yx, z/) - 3 . /x +« z/ = /x — p | Cnv^^z/ 

The propositions proved are analogous to those of previous numbers, and 
offer no difficulty. 


*312*01. yx — p z/ = {(3^ :X,fi,v€ G^®g : 

i/+pX = yx.AreX.v./xH-pX = i^.X€| Cnv^^X} Df 

*312 02. yx z/ = (yx +|) z') (yx — p I Cnv'^z/) Df 
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/Lt — p p . = : /i, 1/ € C*&g : (gX) : X € : 

p+pX = /x.X€X.v./A+pX = i/.X€l Onv^^X [(*311*01)] 

*312*11. h zr^ concord (/a, i/) . D . /a — p j; = A [*311*1 ’27*42*43] 

*312 12. h : Iniin ax . i;0/i . 3 . 

/i— pi/ss-^ {(gX) .Xe (7^0 . i; +pX = /i . X eX} = (lX) (v +p X = fi) 

Dem, 

h . *311*1*66 . 3 h : Hp . 3 . (H^) • +p X = v (1) 

h • (1) . *312*1 . 3 h : Hp . 3 . /x — p i/ = ^ {(3^) - ^ ^ . i; +p X = /x . X e X} (2) 

h.(2).*311*74.3h.Prop 

*312*13. h : Infin ax . /x02; . 3 . 

fi—pV—X {(gX) . X € C^0 . /X -fpX = 1/ . X 6 1 Cnv^^X} 

= I Cqv“(iX) (/X +p X = p) [Proof as in *312*12] 

*312*14 h : Infin ax . i;0n/^ • D • 

/X -p i; = ^ {(gX) . X € (7'0n . p +p X = /x . Z e X} 

= (iX) (p 4p X = /x) [Proof as in *312*12] 

*312*16. h : In6n ax . /x0nP • 3 • 

/Lt — p p = {(gX) . X € (7^0» . /X -fp X = p . X € I Cnv^'X} 

= I Cnv“(iX) (ft +p X = p) [Proof as in *312*12] 

*312*16. h : /X € C^^g . 3 . /X ~p = /x [*312*1 . *311*43] 

*312*17. h : /X € G^%g . 3 . -p /t = i Cnv^ V [*312*1 . *311*43] 

)|t312'18. h ; Infinax . pj» = (7\)(i'+pX = /*) [*312‘12'14] 

«312‘181. H ; Infin ax . fi(S <a 0„) v . D . , v = | Cnv“(7X) (/* +p \ = v) 

= (i\) (fj. I Cnv«X, = v) [*31213-15] 
«312'19. h : Infin ax . concord (\, /*) . D . (X +p /*) — p X = /» 

[*312-18. *31 1-65-66-43] 

*312-191. h : Infin ax . \ e C"©, . D . \ X = i‘0, [*31 1-62 63 43] 

*312-2. h . I Cnv“(/a — j, v) = | Onv*‘/* —p \ Cnv“v 

Dem. 

h . *312-1 . *310-16 . D 
h X e I Cnv“/i — , | Cn v“i / .= ifi,v€ C‘Sg ; 

(gX) : X e (7‘@, : j Cnv“i» X =» | Cnv“ fi .XeX.v. 

I Cnv“/a +p X = I Cnv“i/ . X e | Onv “X : 
[*311-32] = : A*,!, e 0‘@, : (gX) : X c C‘0, ; 

V +p I Cnv“X ^/i.XeX.v.At+pl Cnv“X = y . X e | Cnv“X : 
[*312-1 .*310-16] = : X e I Cnv'V -y v) !• 3 H . Prop 

*312-201. K /* -, I Cnv‘‘y = j Cnv«(| Cnv'V -p v) [*3122] 
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#312'21. h . I Cnv“(»/ —pfi) = fi—pv 
Dem. 

I- . *312-1 . D h :: Z € 1 Cnv“(i; -pfJL).B (gF) /it, »> e 

(gX) : X € C^Sg :/i+pX = j;. FeX.X = F| Cnv . v . 

j' +p X = /i, . F € I Cnv^^X . X = Y \ Cnv 
[*310*16] = :, iJL,p€ C^&g (gX) : X e 0^0^ : /Lt X = i/ . X € | Cnv^^X . v . 

p -\-p \ fjL m X e\i. 

[*312*1] = :. X e yL6 — p j; :: D h . Prop 

*312*211. V .iJL-p\ Cnv^^p = -p I Cnv^V [*312*201*21] 

*312*22. h : Infin ax . i; (0 o 0„) fi .D , fi-^pp e (7^0 
Dem. 

h . *311*65 . *312*12 . D h : Hp . i;0/x . D . /i i; 6 0^0 (1) 

h . *311*66 . *312*15 . D h : Hp . ^ | Cnv*^(/i. —p p) e C‘&n • 

{*310*16] :>.tJL-pPeG^% (2) 

t- . (1) . (2) . D h . Prop 

*312*23. h : In6n ax . (0 u 0^) j; . D . i; e (7‘0„ [*312*21*22 . *31016] 

*312*3. V m fjit 4-p z^) u ^ | Cnv^^z^) [(*312*02)] 

*312*31. h : ~ z/ € (7^0^) . D . +a = A [*312*3*11 . *311*1] 

*312*32. h : concord (/i, z/) . D . /a 4-a M +p [*312*3*11 . *311*15] 

*312*33. h : concord (yu,, z^) . D . /a -\-aV = Cnv^^p [*312*3 . *311*1] 
*312*34. h : Infill ax . /a, z^ e (7^0^ . D . yu. +a z/ e (7^0^ 

[*312*32*33*22*23 .*311*44] 

*312*41. h . /i +a A*' 

Dem. 

h -*312*32 . *311*12 . D h : concord (/i, i^) . 3 . /a z/ = z/ +« /a (1) 

h . *312*33*21 . D h : concord (/a, z^) - D . /x +« z/ = | Cnv^^(| Cnw^^p —pfi) 

[*312*201] =z;-piCnvV 

[*312*33] =z;+a/z (2) 

h . (1) . (2) . D h . Prop 

*312*42. h : Infin ax . concord (X, /lz, z/) - 3 - (X 4> ya) —p (X +p z^) = ytt — ^ z/ 


h - *311*27*42*43 . 3 I- Hp . 3 : concord (X +p /z, X z;, X, yx, z/) : 
[*311*75] 3 :X+pP = az. = -(X+pp)4-|,i^ = /i4-pZ' . 

[*311*12*121] = . (X -hp z/) 4-p p = ya 4-p 1/ 

Similarly h Hp - 3 : /t -hp p = X . = . (/a -hp i') +p p == X 4-p i' 

h . (1) . (2) . *312*1 . 3 h . Prop 


22 



330 


QUANTITY 


[part VI 


*312*43. hi! Infin ax . concord (X, /a, p) . p (0 c; 0^) - D - 

(\ +p fl) -p V 

Dem, 


^ +P (m “d *") 


h . *311*65*66 . D h : Hp . D . (gp) . p e C^&g • pL = v +p p • 

[*312*12*13*19] D . (ap) . p € C‘0y . (\ +p p.) ~p = \ -fp p . ft -*> I' = p : 3 H - Prop 


*31244. 

Dem, 


h : Infin ax . concord (X, p, i/) . p (0 a 0^) i/ . D . 

(X +p p) ~p p = X -p (v ~p p) 


h . *311*65*66 . D h : Hp . D . (gp) . p € 0^0^ . i; = p 4-p p • 

[*312*42*19] D . (ap) . p 6 (7^0^ . (X +p p) -p = X -p p . p = ~p p : D f- - Prop 


*312*45. h : Infin ax . concord (X, p) - D - (X 4-p p) —p p = X -hp (p —p p) 

Dem. 

h • *312*19 . *311*43 . D h : Hp . D . p — p p = . 

[*31 1*43] D . X 4-p (p -p p) = X 

[*312*19] = (X 4p p) — p p : 3 H • Prop 


*312 451. h : Infin ax . concord (X, p, i;) . 3 . 

(X 4p p) — p V = (X 4a p) 4a I Cnv^^j; = X 4a (/^ +« 1 Cnv^^j;) 

Dem. 

h . *312*43 . D h : Hp . j; (0 ci 0n) p . 3 . (X 4p p) -p = X 4p (p — p i') 

[*312*33] = X 4p (p 4a I Cnv^S) 

[*312*32*1214] =>^4a(/^+a ! Cnv^'i;) (1) 

h . *312*44 . 3 h : Hp . p (0 v:; 0„) i/ . 3 . (X 4p p) — p == X — p (i/ —p p) 

[*312*21] = ^ ~D I Cnv^ V -p i;) 

[*312*33*12*14] = X 4a (p v) 

[*312*33] = +a (At 4a i Cnv^S) (2) 

h . *312*45 . 3 h : Hp - p = i; . 3 . (X4pp)—p*^ = X4p(p— p i') 

[*312*33*32] ‘ = X 4a (/^ +a I Cnv^z;) (3) 

h . (1) . (2) . (3) . *312*32 . *311*43 . 3 h . Prop 


*312*46. 1“ : Infin ax . concord (X, p) . 3 . (X 4a p) 4a J' = 4a (ft 4a v) 

Dem. 

h . *312*32 . *311*65*66*43 . 3 h : Hp . concord (X, p, i;) . 3 . 

(X 4a ft) +a v = {\ 4p p) 4p 1^ • X 4a 4a I^) = X 4p (p 4p v) (1) 

I- . *312*461 . 3 

h : Hp . concord (X, p, | Cnv'^i;) . 3 . (X 4® At) 4a i' = X 4a C/^ +a v) (2) 

h . *312*31 . 3 h : 1/ 6 C^®g - 3 . (X 4a At) +a = -A. . X 4a (At +a = A (3) 

h . (1) . (2) . (3) . *311*121 .31-. Prop 
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^312*461. h : Infin ax . concord (/t, i>) . D . (\ 4-o /*) 4-a v = X +« (/u. +« v) 

Dem. 

h . #312-46 . D h : Hp . D . (v +« ^) +<, X = V +« (/i +a X) (1) 

h . (1) . #312-41 . D h . Prop 

#312-47. I- : Infin ax . concord (X, v) . D . (X +„ /t) +„ v = X +„ (/a +„ v) 

Dem. 

I" • #312-461 . D h : Hp . , (/j, 4-o X) v = /* +o (X +a v) • 

[#312-41] 3 . (X +o /t) +a V = /a +o (X +» v) 

[#312-41] = (X +o v) +o /A 

[#312-46] = X +o (v +0 /*) 

[#312-41] = X +0 (m +0 v) : D I- . Prop 

#312-48. t" : Infin ax . D . (X +* ya) +„ p = X +0 {fi +0 v) 

Dem. 

h. #312-31. D 

h : ~ {X, p 6 C‘0j} . D . (X +a ya) +0 p = A . X +a (/i, +0 p) =» A (1) 

1- . #31012 . D h X, /t, p 6 G‘%g . D ; concord (X, fi).v . concord (X, p) : 
[#312”46'47] ^ ! (X +»/*)+« p = X +0 (ya +0 p) (2) 

I- . (1) . (2) . D I- . Prop 

#312-61. I- : X 6 C‘&g . D . X +a 1 % = X [#312-32 . #31 1-43] 

#312'52. f- ; Infin ax . X e G‘@g . D . X +„ | Cnv“X = t‘0, 

Dem. 

f- . #312-33 . D h : Hp . D . X +0 1 Cnv“X = X — , X 
[#312-191] = t‘0, : D h . Prop 

#312*63. h Infin ax . X, ya, p c G‘®g .D:X4o/a = p.= .X = p+o| Cnv“ya 
[#312-48-51-52] 

#312'64. h : Infin ax . X, ya c G‘®g . D . (a<r) . a e G‘®g . X +« <r = ya 
Dem. 

I- . #312-48-51-52 . D I- : Hp . D . X +„ (| Cnv“X +«/*) = /* (1) 

I- . #312*34 . D h : Hp . D . I Cnv“X +„ /* e <7‘0, (2) 

h . (1) . (2) . 3 h . Prop 

#312*66. V Infin ax . X,ya, p e G‘®g .3;XH-a/a = X+oP. = ./* = p 
Dem. 

|-.#312-41-63.31-:.Hp.D:X+aya = X+aP. = ./* = (X+op)+a|Cnv“X. 
[#312-41-48] = . ya = p +„ (X +a 1 Cnv“X) . 

[#312-51-52] =./i=p:.3h.Prop 



332 QUANTITY [PAET VI 

iK312'66. H Infin ax . concord (X, /*) • 3 : X0j/* . = . (go-) . a e (7‘0 . X +» <r “ /* 
Dem. 

h. *311-65. »312-32.D 

h Hp . X,fieC‘S . D : X0j/i . = . (a<r) . <t e (7‘0 . X +„ = /* (1) 

H. *311-66. *310-16. D 

h:.Hp.X,/*ea‘0„.D:X0,/i . = . (go-) . <r e (7‘0 . /t +p 1 Cnv“ff = X . 
[*312o3-32] =.(g<r).<r€C‘0.X+oO-*/* (2) 

I-. *312-51. Dh;.Hp.X = t‘O,.D;X0,/i. = .(g<r).ffeC‘0.X+aO- = /* (3) 
K . *312-53-51 . D h :. Hp . ^ = t‘0, . D : X0,/t . = . (g<r) . o- e O‘0 . X +« ff « /* (4) 
|-.(l).(2).(3).(4).Dh.Prop 

*312-57. h :. In6n ax . X, /t e O‘0j . ~ concord (X, ^ s 

X0,/i . = . (g«r) . o- € C^‘0 ■ O' = /* 

Dem, 

h . 9|t31 2*48*61*52 • DI-:X€(7^0n./Lt€(7^fi>.D-/i.==X+a(|Ciiv^‘X+a/^) (1) 

h . *31 2*32 . *311*27 . D h : Hp (1) . D . (I Cnv^^X +a m) e 0^0 (2) 

h . (1) . (2) . D h : X€ (7*0n ./A€ (?^0.D.(g<r).<r€ C^0.X-Ha o* = /i (3) 

h . *312*32 . *311*27 . *310*13 . D 

h : X € 0^0 . € (7^0n . 3 . ^ (3^) • ^ ^ . X +« a- = /a (4) 

h.(3).(4).D 

h Hp . D : X € (/^0n • ft € (7^0 - = . (go-) . <r e (7^0 . X +« <t = ft 3 h - Prop 

*312*58. V : . Infin ax . X, ft € 0^0^ . D ; 

X0yft • = • (g<r) . (T € (7^0 . X -l-a O' = /A [*312*56*57] 



^13. MULTIPLICATION OF REAL NUMBERS. 


Summary of ^313. 

Multiplication of real numbers is simpler than addition, because it is not 
necessary to distinguish between factors of the same sign and factors of 
opposite signs. Thus we put 

^313*01. — X [fi,v e . X e Df 

Thus if /i, V are real numbers, their product is the class of products (in 
the sense of *309) of members of /t and members of v ; otherwise their product 
is A. The propositions of this number are analogous to those of previous 
numbers, and the proofs are as a rule analogous to those of *311, except in 
the case of the distributive law (*313*55). 


*313*01. fiXaV ^ X {fifVe G^%g • X e Df 

Proofs in this number are mostly analogous to those for addition, and are 
therefore often omitted. 

*313*11. h : (/A, € G^Sg) • D m fiXaV^ A 

*313*12. h : /Lt, 1/ € G^Sg mD , fiXaV ^ 

*313*21. h : /Lt, 1/ 6 (7^0 w iH^Oq . D . u v = « V 

*313*22. V i fi,v e G^^n ^ .D . fiXaV = 5^(1 Cnv^^ fi) x/'(| Cnv^V) 

*313*23. h : /i e O^0n . v e (7^0 • D . x^ i; = | Cnv^^5^(| Cnv'^ii.) x^^^v 

9f 

*313*24. h : /Lc € (7^0 - v e (7^0n - D • /4 x^ i' = I Cnv^'5^(u xj^^l Cnv^^y 

jf 

*313*25. h .fiXaV-\ Cnv^^d Cnv^^fi j^) = | Cnv^^ Xa | Cnv“i; 

*313*26. h . /A Xa I Cnv^'i^ = | Cnv^^/4 x^ x; ~ | Cnv^*(/A x^ v) 

*313 31. h : Infin ax . f 6 (7^0 . Z c . D . Z x/^f C H^^X x/^f 
*313*32. 1“ : Infin ax . f € (7^0 . Z € G^H . D . Z x/‘f == H^^X x/^f 
*313*33. h : Infin ax . f e (7^0 . Z € (7^JT . 3 . Z x/^f e (7^0 
*313*34. h ; Infin ax . f € (7^0n . Z € (7^i?n - 3 - Z x/^f e (7^0 
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^13*35. h : Infin ax . f e (7^0 . X e C^Hn . D . Z € C'0n 

91^313*361. h : Infin ax . f € (7^@n • X e C*H . D . Z e C^0n 

9K313-36. h : f e . D . 0, x/^f = 

*313*37. h : Z € C^Hg . D . Z 

*313*38. h : Infin ax . ^ e G^Sg . Z 6 C^Hg . D . Z x/^f e C^Sg 
*313*41. I" : Infin ax . concord (/t, v)^ L^Og . v =f . 3 . /t x^ i; 6 0^0 
*313*42. h : Infin ax . concord (/x, v). C^%g . 3 - /x x^ i/ € (7^@n 
*313*43. h :. /u, = 1^0^ . v . i; = : /a, i/ e (7^0^ : 3 . /x x^ v = 

*313*44. h ; Infin ax . /a, p e C^0^ . 3 . /a x^ i/ € (7^0^ 

*313*46. h . /A x<j = i; Xfl /Lt 

*313*46. h : Infin ax . 3 . (\ x^ /i) x^ i/ = X x® (/x. x^ i;) 

The following propositions are concerned with the proof of the distributive 
law. 

*313*61. h : Infin ax . concord (X, /i, x/) . 3 . (i/ x^ X) +« (i/ x^ fi) = 

i^[(aZ, F, Z, Z')-Z €X . Fe /^ . Z,Z' 6 i/.if = (Z x^Z)+^(Z' x^ F)] 
[*813*12 . *312*32 . *311*11 . *313*41] 

*313*611. h : Infin ax . X, /x. e (7^0 . Z, Z' € /x.. ZHZ ' . Z eX * Z 'Xg Z' ^ ^ 
Dem, 

h . *304*1*401 . *305*14 • 3 h : Hp . 3 . (Z x^ Z) ^ (Z' x^ Z) . 

[*309*41] D.{ZxgZ' XgX)HX . 

[*311*58] 3 . Z x^ Z' x^ Z e X : 3 h . Prop 

*313*62. h : Infin ax . concord (X, /i, i/) . 3 . (i; x^ X) {v XafJi>) = v x^ (X +« /x.) 
Dem. 

h. *313*51*511.3 h:Hp.3. 

(i; Xei X) H-a (i' X o/a) = M [(gZ, F, Z).Z€X . F €/jL.Z €VnM={ZxgX)-{-g(Zxg F)] 
[*309*37] = j6^[(gZ,F,Z).Z€X. Fe^ • Zev.M^ZxgiX F)] 

[*313 12.*312*32.*31111] - p x^ (X -ha Z^) : 3 . Prop 

*313*63. h : Infin ax . concord (X, fi ) . concord (X, v).v€ C^&g - 3 , 

(v X<jX)-ha(p Xa/i) = P Xa(X-haZ^) 

Dem. 

h . *313*25 . 3 h . (X -f a A*-) Xfl p = I Cnv^'{(X -h^ /a) x^ | Cnv^^p} (1) 

h . *313*52 .31“: Hp .3. (X-fa M) Xa | Cnv*S=(X x^ | Cnv^^p) -ha(/A x^ | Cnv^'p) 
[*313*26.*311*31] « Cnv«{(X Xa p)-ha(/iXaP)} (2) 

h . (1) . (2) . 3 h . Prop 
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*313*54. h : Infill ax . concord (X, v) . ~ concord (X, /j,) . ue C‘Sg . D . 

P Xu (X +a /*) — (P X# X) +a (P Xa ft) 

Dem. 

I- . *312*33*34 .DI-;.Hp.X+a/t = /j.3: concord (X, p).v. concord (/i, p) (1) 
h . *313*52 . 3 I- : Hp (1) . concord (X, p) • 3 • 

(p Xo v) +„ (i Cnv“/t Xa v) = (p +a 1 Cnv“p) Xa V 
[*312*63] =XXaJ'. 

[*312*53.*313*26] D . p Xa v = (X x* p) +» (p Xa p) (2) 

Similarly !■ : Hp (1) • concord (p, p) . D . p Xa w = (X Xa v) +o (p Xa p) (3) 
I- . (1) . (2) . (3) . 3 h . Prop 

*313*66. h : Infin ax . 3 . (v Xa X) +„ (p Xap)=^v Xa (X +a p) 

[*313*52*53*54*11 .*312*31] 



*314. REAL NUMBERS AS RELATIONS, 

Summary of *314. 

In this number we take up the definition of real numbers suggested in 
*310, namely instead of The series of real numbers is now 

instead of 0^. Everything in this number depends upon 

*310*32. h /i, 1/ € C^&g . D : s^fju = . = . /a = i/ 

Ir consequence of this proposition, $ ^ G^®g is a correlation of the two 
sorts of real numbers, and the properties of the relational sort can be 
immediately deduced from the propositions of previous numbers. We define 
addition and multiplication of relational real numbers so as to secure that, if 
fi, V are real numbers of our previous sort, the arithmetical sum of and 
s^v is +a v) and their product is v). This is effected by putting 

*314*01. F=ES[(a/z,»^).X = 5V.F-^^j/.i2{5V+ai')}S] Df 

with a similar definition for X Xr F. The zero of real numbers is now 
Og instead of and the negative of a real number X is AT | Cnv. The 
fundamental propositions are 

*314*13. h : /X, 1 / € G^Sg , D . s*fi -l-r s^v = .s'(/x +« v) 

*314*14. Z fly V € G^Sg . D . S^fl Xr s^v = S*(fl Xa v) 

in virtue of which the arithmetical properties of relational real numbers 
follow at once from those of real numbers as segments. 

Relational real numbers are useful in applying measurement by means of 
real numbers to vector-families, since it is convenient to have real numbers 
of the same type as ratios. 

For some purposes, a somewhat different definition of real numbers as 
relations is more convenient. Instead of deriving our relations from @g, we 
may derive them from i.e, we may consider the relations s^^G^^^Hg 

instead of the relations s^^G^(^g. In virtue of *217*43, (s^Hg) ^ (—L^A — L^G‘Hg) 
is ordinally similar to 0^; hence the requisite properties of s^^G^s^Hg follow 
at once. 
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*31401. X+rF = .R5[(a/*.j/).Z = iV.F=s‘«/.i2{i‘(;i+a«')}'S] Df 

*314‘02. X Xr Y = RS [(g/*, v) .X = s‘fi . F = s‘p . R [s‘(/u, v)} S] Df 

*31403. (T = (^„)e I (C‘/f„ -) p { D‘(£r„). - c‘A - c‘G‘ff„} 

o (0‘ir„) i (1%) o {C‘H„ u) (D‘ff. - t‘A - 1‘0‘H) Df 

*31404. M+,X==R^[(’gfi,v).M=s‘^‘lx.N^s‘J“v.R[s‘/‘(f^+av)}S] Df 

*314-06. Mx,N=M[{'^fi,v).M=8‘^‘,i.N=s*J'‘v.R{s‘^‘(fiXav)}S] Df 

*314-1. h:a!Z+,F.D.Z, Fes“O‘0j [*312-31 . (*314-01)] 

*314-11. h:.Iiifinax.D:a!Z+, F. = .Z,F€«“a‘0, [*3141 . #312-34] 

*31412. h Infin ax . D : g ! X x, F. = . X, Fe s“G‘&g 

*314-13. h : /M., 1/ € G‘&g . D . «‘/t +, 8‘p = +o p) 

Dem. 

I- . *314-1 . (*314-01) . D I- : 12 {s‘/a +, s‘i;) S. = . 

(a/), <t). p,<r e G‘%g . 8‘fi — s‘p . s‘p = s‘<r . R {i‘(p +» <r)} 8 (1) 

H . (1) . *310-32 .Oh. Prop 

*314-14. h 1 p,,p e G‘Sg . D • s‘p, x, s‘p = s‘(ji Xa p) 

*314-2. I- : 12 6 s“(C‘0j - iH%) .O.^lRfRel num [*310-31] 

*314-21. I- ; . Infin ax . D : 12, e s“G‘&g . = . R +r 8 e s“G‘Sg . 

= .RXr8€8“G‘^g 

Dem. 

h . *314-13-14 . *312-34 . *313 44 . D 

h : Hp . 12, /Sf 6 s“O‘0j .O.R+r8,Rxr8e s“G‘®g (1) 

t- . (1) . *314-11-12 .Oh. Prop 

*314-22. h;12es“C'‘0,. 3.12+rO, = 12.12x,0, = 0, 

Dem. 

h .*314-13-14. 3 

h ! ^ e G^^g . 0 . S*p. Og = ®^(^ ~ha ^*^ 9 ) * “ ®*(/^ GOq) . 

[*312-61.*313-43] 0 . s^p. +r 0, = s'/* • s‘p x, 0, = 0, : 3 1- . Prop 

*314-23. h : Infin ax . 12 e s“G‘&g . 3 . 12 +, 12 1 Cnv = 0, 

Dem. 

K . *314-13 . 3 h : /* € 0‘@j . 3 . s‘/t +r s‘ | Cnv' V = «*(/* +a i Cnv“/a) . 
[*43-421] 3 . s‘p +r (s» 1 Cnv = »'(/* +„ 1 Cnv"/*) 

[*312-52] = 0, : 3 H . Prop 


R. &W. 111. 
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*314-24. \-.R+rS=8+rR [*312-41 . (*314-01)] 

*314-26. \-.Rxr8 = 8xrR [*313-45 . (*314-02)] 

*314 26. h : Infin ax . D . (i? +, /S) +, 7 = i2 +r (8 +r T) 

Dem. 

h . *314-13 . D h ; Hp . p, o-, t e C‘%g . R = s‘p . 8 = sV . T = s‘r . D . 

{R+r8)+rT=s‘{(p+aa)+aT} 

[*312-48] =i‘{p+a(o-+„T)} 

[*314-13] =R-hr(8+rT) (1) 

h . *314-11-21 . D 

~ (3P. O’, t) . P, < 7 , T € G‘@g .R = s‘p.8==s‘a.T=s‘T.D, 

(R+r8)+rT=k.R+r(S+rT) = k (2) 

I- . (1) . (2) . D h . Prop 

*314 27. h ; Infin a.x . ^ . {R 8) Xr T = R {8 Xr T) 

[*314-14 . *313-46 . *314-12-21] 

*314 28. f- : Infin &x .'D .(R x^ 8) +r (R Xr T) = R x, (8 +, T) 

Dem. 


h . *314-13-14 . D h : Hp . p,are G‘%g . R = s‘p . 8 — s‘<r . T = s‘t . D . 

{R Xr 8) +r {R Xr T) = s‘(p X* tr) +r s‘(p X^t) 


[*314-21-13] 

= s‘l(p ><o <^) -ho (p Xo 

t)1 

[*313-55] 

= s‘{p Xa(o-+aT)} 


[*314-21-14] 

= s‘p XrS‘(a- +aT) 


[*314-13] 

= s‘p X, (s‘a- -Vr s‘t) 


[Hp] 

— R Xr (^8 “fr T) 

(1) 

h. *314-21-11-12.3 



h . ~ (ap, tr, t) . p, <r, T e G‘®g , R = s‘p . 8 = s‘<t 

.T=s‘t.3. 


{RXrS)+r{R^rD) = A..RXr(8 +r T) = 

A 

(2) 


h . (1) . (2) . D h . Prop 

*314 4. I- : Infin ax . D . </ e [(<;‘ffg) ^ (— 1‘ A — i‘G‘Hg)} smor 

[*217-43 . *304-31-282-23 . *307-41-44-46-25 . (*310-01-01 1-02 O3)] 

*314 41. I- . s f (G‘s‘Hg) el-*! [The proof is analogous to that of *310-32] 
*314 42. 1- : Infin ax . D . smor [^1^314*4*41] 

91^314*6. h : . Infin ax . D : 

[*312*34 . *313*44 . *314*42 . (*314*04*05)] 

*314*61. h : Infin a,x. fi,v€ G^@g . D - 

5 W H-ir +a P) • S W Xa P) 

[*314*42 . (*314*04*05)] 

The properties of jJf iV and M x„ N result from this proposition exactly 
as those of X +r and X XrY result from *314*13*14. 
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Summary of Section B, 

The present Section is concerned with the theory of magnitude, so far 
as this can be developed without measurement. Measurement — i,e. the 
application of ratios and real numbers to magnitudes — will be dealt with in 
Section 0 ; for the present, we shall confine ourselves to those properties of 
magnitude which are presupposed in measurement. But throughout this 
Section, measurement is the goal : the hypotheses introduced and the 
propositions proved will be such as are relevant to the possibility of 
measurement.' 

We conceive a magnitude as a vector, i,e. as an operation, i,e. as a 
descriptive function io the sense of ^1^80. Thus for example, we shall so 
define our terms that 1 gramme would not be a magnitude, but the difference 
between 2 grammes and 1 gramme would be a magnitude, i,e. the relation 
“ + 1 gramme ” would be a magnitude. On the other hand a centimetre 
and a second will both be magnitudes according to our definition, because 
distances in space and time are vectors. It will be remembered that we 
defined ratios as relations between relations ; hence if ratios are to hold 
between magnitudes, magnitudes must be taken as relations. 

We demand of a vector (1) that it shall be a one-one relation, (2) that it 
shall be capable of indefinite repetition, i.e, that if the vector takes us from 
a to by there shall always be a point c such that the vector takes us from 
b to c. If R is the vector, the point to which it takes us from a is R^a ; 
thus the above requisite is expressed by “ E ! - Da - E ! i,e. by 

“ C It will be observed that the points which are starting-points 

of the vector form the class CE^iJ, i,e, the class of possible arguments to R 
considered as a descriptive function, while the points which are the end- 
points of the vector form the class D^R, i,e, the class of values of R considered 
as a descriptive function. Since D^R C we have d^R = C^R ; thus the 
field of the vector consists of all points from which the vector can start. By 
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assuming D^R C Q^iZ, we exclude magnitudes of kinds which have a definite 
maximum, unless they are circular, like the angles at a point or the distances 
on an elliptic straight line; but, except when they are circular, such 
magnitudes are of little importance. 

According to what has just been said, if iJ is a vector whose field is a, we 
have 

jR € 1 -4 1 . CI'i2= a . lyR C a. 

A relation which fulfils this hypothesis is called a ‘‘correspondence'’ of a, 
because it makes a part of a correspond with a. The class of correspondences 
of a we denote by “cr^o,** which is the cardinal correlative of “cror^P,” defined 
in 9 k 208. Thus we put 

cr^a == (1 1) n a^a A D^Cl^a Df. 

We proceed next to define a ‘ vector-family of a.” This we define as an 
existent sub-class of cr^a such that, if R and S are any two members of it, 
R\S^S\R. We de6ne a class of relations as “ Abelian ” when the relative 
product of any two members of the class is commutative, i.e. we put 

Ahel==ic(R,S€K.D^8-R\S^S\R) Df 

Thus a vector-family of a is an existent Abelian sub-class of cr^a, i.e. writing 
“ ftn^a ” for “ vector-family of a,” we put 

fm^a = Abel n Cl ex^cr^a Df 

The class of vector- families is then defined as everything which is a vector- 
family of some a, i.e. we put 

Df 

Thus a vector-family is an existent Abelian class of one-one relations 
which all have the same converse domain, and all have their domains 
contkined in this common converse domain. If /c is a vector-family, the 

common converse domain is which is identical with and will 

be called the “ field ” of the family. Thus we have 

b :k€FM . = .K€ Abel • /r Cl 1 . e 1 . s^D^^fcCs^d^^/c. 

A vector-family may be regarded as a kind of magnitude. In order to 
render measurement possible, we require various hypotheses as to the nature 
of the family. Measurement within a given family /e is obtained by limiting 
the fields of ratios to /r, i.e. by considering k where X is a ratio, or ZIk 
where Z is a relational real number of the kind defined in 9ie314. In order 
to make measurement possible, we wish k to be such that, if X is a ratio, 
X Ik shall be one-one ; again, if P, 8, T are members of Ky and R has the 
ratio X to 8y while 8 has the ratio Y to P, we wish R to have the ratio 
X XsY to P, i.e. we wish to have 

XtK\YtKQ(X x,Y)tfc; 
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again, if R has the ratio X to T, and 8 has the ratio F to T, we wish R | 8 
(which represents the “ sum ” of R and 8) to have the ratio X +« F to T, 
i.e, we wish to have 

{X ^ k^T) I (F^ k^T) Q(X+,Y)t k^T. 

The above and other similar properties will be proved, with suitable 
hypotheses, in Section C ; for the present, we shall proceed with the theory 
of vector-families without explicit regard to measurement. 

The first and most important hypothesis as to a family which we consider 
is the hypothesis that it is " connected,” ie, that there is at least one member 
of its field from which we can reach any member of the field by a vector 
belonging to the family or by the converse of a vector belonging to the 
family. Such a member of the field of fc we shall call a ‘‘ connected point ” 
of x ; the class of such points will be denoted by “ conx^/c ” ; the definition is 

— ► 4 — 

conx^/tf = A a (s^x^a s^x^a = s^d^^x) Df. 

It will be observed that s^x^a are the points to which there is a vector from 

a, while s‘x^a are the points from which there is a vector to a. The definition 
states that these two classes together make up the whole field of the family. 
We define a connected family as one which has at least one connected point, 
ie, we put 

jPif conx = FM A ^ (a ! conx^/c) Df. 

The properties of connected families are many and important. Among these 
may be mentioned the following: If x is a, connected family, the logical 
product of any two different members of x is null, i,e, if P,Q e x • P ^ Qy then 
P A Q = A, or, what comes to the same thing, if P, Q e x, and if we ever have 
P^oo = then P = Q; if P e /c, all the powers of P are either members of x 
or the converses of members; if P^Qex, then P|Q is either a member of 
X or the converse of a member. A connected family may not form a group, 
i,e, we do not necessarily have 

P,Qe/f .Dp,Q.Pl Qe«, 

but we shall show at a later stage (^1^354) that a group can be derived fi’om a 
connected family x by merely adding to it the converses of those members of 
X (if any) whose domains are equal to their converse domains. The result 
of this addition is to give us a connected family which is a group. 

Another important property of a connected family x is that I [ s^d^^x is 
always a member of it. I [ s^d^^x is the zero vector. In a connected family, 
every vector except is contained in diversity. For many purposes, 

the class of vectors excluding I [ s^d^^x is important. We therefore put 

x^^x^B,VI Df. 
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la the study of a vector-family k, an important derived class of relations 
is the class of all relations of the form R | S, where R,8€k, The operation 
1 consists of an fif-step forward, followed by an i?-step backward; that is 
to say, if R^S^a exists, it is obtained by moving a distance 8 forward from a 

V/ 

to and then a distance R backward from 8^a to R*8^a, The class of 

V/ 

such relations as J2 1 fif, where R,8€/c, we call /c,; i.e. we put 

= 5^(Cnv^^#c)|^^/c Df. 

99 

The class will have different properties according to the nature of k. We 
may distinguish three cases : 

(1) The field of k may have a first term, i.e. there may be a member of 

which is not a member of This case is illustrated, e,g, by a 

family of distances from left to right on the portion of a given line not lying 
to the left of a given point. This given point will then belong to 
since there are vectors which start from it, but it will not belong to 
since there are no vectors which end at it except the zero vector. A 
connected point a which belongs to s^Ql^^k but not to is called the 

‘‘initial” point, and a family which has an initial point is called an “initial” 
family. A family cannot have more than one initial point. Thus we put 

init'/c = t^(conx^^ — Df, 

FM init = FM n Q^init Df. 

(2) It may happen that, even if k is not an initial family, none of the 

converses of members of are members of k. (If k is an initial family, this 
must happen.) This case is illustrated by the case of all distances towards 
the right on a straight line. It is also illustrated by the family of vectors of 
the form (+* A) ^ where X e G^H\ In this case, as in (1), it is possible, 
by adding suitable hypotheses, to secure that shall be a series. This case 
divides into two, which are illustrated by the above two instances : it may 
happen, as in our first instance, that the domain of a vector is always equal 
to its converse domain, i,e, D^^/c == ; or it may happen, as in our second 

instance, that the domain is only part of the converse domain. (The domain 
of (4-g X) P C^H consists of all ratios greater than X) 

(3) It may happen that contains pairs of vectors which are each 
other's converses. In this case, it is obvious that cannot be serial, since 

\j \j 

iZ, i? € . D . B I i? = / s‘a“/« . i2 1 5 G (i‘*0)«, so that (s‘xgy is not contained 

in diversity (except in the trivial case « = t‘A). 

In considering we do not at first explicitly introduce any of the above 
possibilities, but it is necessary to hear them in mind in order to realize the 
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purpose of the propositions proved concerning /c,. If Z is a member of /c,, 

and i = i? I S, where R^SefCy then if a is a connected point, and L*a exists, 
it follows that there is a member T of Cnw^^/c such that L^a = T^a. It is 
easy to deduce from this that L^T, hence Lck^j Cnv^^fc. The same holds 

if L^a exists. Hence if E ! L‘a . v . E ! i^a, i.e. if a e L is a member of 
/cuCnv^^/t. Thus if a belongs to the field of every member of we shall 
have K, = K \J Cnv^^K. We say that a family “has connexity ” (not to be 
confounded with “being connected’*) if g ! conx^/t n ; thus we put 

FM connex = FM a J (g ! conx^^: r\p^C*^/c^) Df 
and by what has just been said we have 

h : K € FM connex . D . = /« u Cnv^^/c. 

We also have h : connex . D . e connex 

and h K € FM conx . D : /c e FM connex . = . e connex. 

It is these propositions that justify the notation ** FM connex,** 

It is obvious that we shall have g ! if unless k = t^A. 

Some illustrations will serve to make clearer the nature of the hypothesis 
g Ip^C^^fc,. This hypothesis states that there is at least one term a in the 
field of K such that, if iJ, S are any two members of tc, we can either take an 
R-step forward from a, followed by an fi^-step backward, or we can take an 
S-step forward followed by an R-step backward. Suppose, for example, that 
our family consists of all vectors of the form (+o /z) ^ NC induct, where 
/a e NC induct. Then if R is the operation of adding /a, and S is the operation 

of adding i/, R\S is the operation of adding v—efi if v> py and is the 
operation of subtracting im—qV \t v. In the former case R\S e Ky while 
in the latter case S j R € /c. In the former case, if -cr is any inductive cardinal, 
(R I — 0 +c ; ill the latter case, {S [ R)^'or = /a — o i' +c Thus in 

either case e C\R | S). Thus the family in question has connexity, and 
K, — K\J Gnv^^K, 

But now consider the family consisting of all vectors of the form 
(Xo/^)D (NCI induct — 6^0), where /leNC induct — 6^0. This is an initial 
family, its initial point being 1. But it does not have connexity. If 

jB = (Xo /a) ^ (NC induct - t^O) and H = (Xq v) ^ (NC induct - t^A), R | aS is the 
operation of multiplying by v and dividing by /a, with its field confined to 
inductive cardinals other than 0. If v is prime to ft, this relation has only 
multiples of /a in its converse domain and only multiples of v in its domain. 
Hence its field consists of multiples of /a together with multiples of p. Thus 
no member of except i,e. (x^l)^ (NC induct — t^O), has the 

whole of for its field, and there is no number which belongs to the 
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field of every member of K^. The above family may be usefully borne in 
mind in considering since it affords good illustrations of most of the 
general theorems concerning 

If« is any family except any finite number of members of k, have an 
existent relative product, and their converse domains have an existent 
logical product. If /c is a connected family, any two members L,M of 
whose logical product exists, i,e, for which (gy) . Uy = M^y, are identical, and 
if x,y are any two members of there is just one member of such 

that x — L*y, li Me k, and P is a power of My there is some member L of 
K, such that PQL. But P is not in general itself a member of For the 
application of ratio, the member of which contains P is important. We 
call it the “representative** ofP. The general definition of a representative is 

rep,j^P = s\fc^ A G ^P) Df. 

4 — 

In a connected family, K^rsd^P cannot have more than one member; hence 
if there is any member of which contains P, that member is rep^^^P, and if 
there is no member of which contains P, rep,c^P = A. 

If P I Q is any member of k,, (where P, Qe /c)y we shall have 

rep/(PiQy‘ = Po|Q^; 
and if Zy M € fc^y we shall have 

repK^(X I My = rep,c | Mf*) = repK^{(rep,c^X^) | (rep^^ilP)}. 

These two formulae are the most useful in determining representatives. 

In order to apply the above theory to the measurement of vectors, it is 
necessary to distinguish between open and cyclic families. An open family 
is one in which, if M e fc^ -- Rl^I, M^^ (i J, i,e, one in which no number of 
repetitions of a non-zero member of will bring us back to our starting- 
point. If this condition fails, as in the case of angles, or distances on the 
elliptic straight line, the problem of measurement is more complicated, since, 
if ^ is a measure of an angle, so is 2j/7r + 0 for any integral i/. The case of 
cyclic families will be considered in Section D ; for the present, we proceed 
to consider open families, and we shall still be concerned almost exclusively 
with open families in Section C. It should be observed that in cyclic 
families, as we shall define them, members of return into themselves, 
whereas in open families, not merely no member of K^y but no member of 
— RF/, returns into itself. In most of the families that naturally occur, 
it happens either that no member of — RF J returns into itself, or that 

there are members of which do so. But there is no logical necessity in 
this, as the following instance shows: Consider the family consisting of 
positive and negative integral multipliers other than —1, with their fields 
confined to positive and negative integers other than — 1. Then 1 is a 
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connected point of this family, in fact the initial point. Multiplication by 
— 1 is a member of since it can be obtained by multiplying by any integer 
and then dividing by — fi. Also the square of multiplication by — 1 is 
contained in identity, and is the zero vector of our family. Hence there is a 
member of — Rl^/ whose square is contained in identity, although no power 
of any member of is contained in identity. 

In order to avoid brackets, we put 
i^e. 

Then the definition of open families is 

FM 2 .^ = FMrs1c (sTot^^/c^S C R1 V) Df. 

Hence h /c 6 FM ap . = : /c e FM : Af e ^^9 . Djif . G J. 

It will be observed that if k is an open family, is contained in Rel num id 
(cf. *300), and C Rel num. Hence if if e = if„ (cf. *121), and the 

propositions on intervals in *121 become available. Also if M e anc 
a € we have 

M p € Prog . ifpo t -^*^<* ^ 

The chief use of these facts is to show that the existence of open families 
implies the axiom of infinity and the existence of Nq. Hence as applied t( 
open families, the theory of ratio undergoes the very great simplification 
which results from the axiom of infinity. 

If K is open and connected, and L, M e and a- is any inductive cardina 
other than 0, we shall have L = M if or ’rep,c‘Z°’ = rep,t^-^*^ o] 

If p, T are also inductive cardinals other than 0, we shal 
have if or if rep,t^i^^®’’ = rep^^J^^^^'^ or i 

a ! i^^®^ n We have in fact 

ref/Lf* = . = . g ! n Jf*^ 

= . a ! £p^®’’ n 

and repic^Jlf® = rep,^' Jf*^ . = . j!lf^ = ilf<^ • = - p = <r. 

On applying the definition of ratio (*303*01), we see from the abovi 
propositions that, with the above hypothesis, 

M {pja) N . = \ = rep,c^-^^ 

while if iJ, T are members of /«, 

ie(p/o')iS. = -i2" = ^> 

Further, we have, in virtue of the above propositions, 

a ! n if#* . a I ^ M Xo ~ P» 

X.YeC^H' YtK,B^D.X^Y, 


whence 
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These propositions, together with 

belong to Section C. They are mentioned here as showing why the 
propositions of this Section are useful in connection with measurement. 

We next proceed to consider serial families, which are those in which 
is an existent serial relation. For this purpose we require the definition 
of '' FM connex” already given, and also the definition of “transitive” 
families. We define a as a “ transitive point '' of k if 

— ► — ► 

i,e, if any point which can be reached from a in two non-null steps can also 
be re^hed in one non-null step. We define a family as transitive when it 
has at least one transitive point. If /c € FM conx, the hypothesis that k is 
transitive is equivalent to the hypothesis that forms a group, and implies 
that K forms a group. We define a serial family as one which is transitive 
and has connexity, i.e. we put 

FM sr = FM trs o FM connex Df. 

Then if /c e FM&v, is a serial relation, so that the points of the field of k 
are arranged in a series by means of relations of distance. 

When a family is serial, the vectors also can be arranged in a series, by 
means of a relation which may be regarded as that of greater and less. After 
a short number on initial families (explained above), we proceed to the 
consideration of greater and less (as it may be called) among vectors. We 
may call a point y “ earlier ” than a point z when there is a non-null vector 
which goes from y to’ z, i.e. when z { s^k^ y. If M,N we then say that N 
is “ less ” than M if the i\r-step from some point x takes us to an earlier 
point than the Jf-step. Writing for “greater than” among members of 
/c,, our definition is 

V, = M {M, NeK,: (ga:) . (M^x) (s^k^) (N^x)} Df. 

For the same relation confined to members of k, we use the notation ; 
thus 

Df. 

If /c € FM conx, we have 

{P.Q€K:(^T).TeKs.P^T\Q]; 
this is generally the most serviceable formula for U^, 

If is a serial family, and are series ; and if k is an initial family, 
is similar to 

The last number in this Section is concerned with the axiom of 
Archimedes and with the existence of sub-multiples of vectors. The axiom 
of Archimedes will be expressed by saying that if a is any member of the 
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field of K, and R is any vector, then for a suflSciently great finite v, will 
be later than any assigned member of the f\eld of k. In other words, putting 
Ps=Cnv's^/t0, we wish to have 

X e C^P . D* . (gi/) . V e NO iud — i^O - xP (R^^a), 
or, what comes to the same thing, 

P^^R^^a^C^P. 

This will hold if /r is a serial family and P is semi-Dedekindian (cf. *214). 
If, further, P is compact (i.e. P* = P), then all finite sub-multiples of a given 
vector exist, i,e, 

S eK.ve NC ind — . D . (gZ) .Lefc.S^L*'. 

It will be observed that, according to our definition of ratio, if S *= Z*' and 
A, L has to 8 the ratio 1 /v, so that Z is the i/th sub-multiple of 8 , 

Instead of treating vector-families by the method we have adopted, we 
might have started from a double descriptive function, which we may denote 
by x + y, and concerning which we should make various hypotheses. By the 
general notation of *38, we obtain various relations of the form H- y or a; -H . 
These relations may replace the fc employed in our method. For convenience 
of notation, we may put 

Df, 

4 — • 

"f ^0? — x+ Df. 

Then if -f has suitable properties, and 7 is a suitable class, -|-“7 will be a 
vector family. 

Let us assume that x + y exists when, and only when, x and y both 
belong to the class 7, and that when x and y both belong to the class 7, a; -f y 
also belongs to this class. Then if a? -h y exists, so does a? + y + y ; hence 
y C CI^+ y. Further, by our assumptions, if a?, y e 7, a; + y exists, and 
therefore a^eQ^+y. Hence y €7 . D - Q‘+y = 7. Hence if 7 exists, 

e 1 . C 5^a^C“7. 

If we now assume y -h a? = -e + a? . Ox,y,z • y = -sr, 
then +'^7 C 1 1. Hence we now have 

+^^7 € Cl ex‘cr'7. 

In order to obtain the Abelian property, we require 

(aj-hy) + ^ = (a?-f £f) + y, 

which holds if -f obeys the permutative and associative laws. Thus in this 
case, 

+^^7€fm*7. 
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In order that +^^7 may be a connected family, we require 

(aa):.-sre7. D* : (gy) : a = ^ + y - v . = a + y. 

A sufficient, though not a necessary, condition for this is that there should be 
a zero, i.e, 

(ga) i z z=^a-^ z. 

In this case, -f-a is the zero vector, and if a is not the sum of two terms other 
than itself, a is the initial point of the family. 

— > 

The condition that if x,y are members of 7 so is x-\ry secures that +^^7 
is a group. Families which are groups we denote by “ Filf grp.’' 

Thus collecting what has been said, we find that 

+<^7 € FM conx grp 
if -f fulfils the following conditions : 

(1) + y exists when, and only when, a?, y e 7 ; 

(2^ a?, y 67 • • ic + y €7 j 

(3) ^4-y = aj + 2:.Da.,y,«.y = ^; 

(4) ic-fy = y + a;; 

(5) (a:4*y) + 2? = a; + (y-f ^); 

(6) (ga) ize^ .l>z,z^a-\‘Z, 

From (3) and (4) it follows that the a of (6) is unique, i.e. there cannot be 
more than one zero. 

In order to insure that our family shall have connexity, we require 
further 

( 7 ) a?,y €7 .Da!,y s(a-3^):-^€7:a? + 2: = y . v.y + ^r = a?; 

(8) in order that our family may be an initial family we require that 

a; -f y shall only be zero when x and y are zero. 

With this further condition, our family becomes serial. 

The above is only a sketch of one of the simplest ways of generating 
families by means of double descriptive functions. Other ways are possible, 
and by greater complication greater generality can be obtained. 

There are some advantages in the above manner of treatment. First, it 
is possible to take our magnitudes as being the x and y which appear in 
“ ic -h y,** instead of having to take them as the vectors + y or a? +. Secondly, 
our vector-family derives unity firom the fact of being generated by the 
single operation +. Thirdly, the method is more in agreement with current 
conceptions of quantity than the method we have adopted. The choice 
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between the two methods is a matter of taste ; but it would seem that the 
method we have adopted is capable of somewhat greater generality than the 
other, and that it requires less new technical apparatus than the other. We 
have not elsewhere had occasion to treat of double descriptive functions 
which only exist when their arguments belong to assigned classes, though 
it is to be observed that our definitions of various kinds of addition and 
multiplication might quite easily have been so framed as to give this result. 
For instance, we might have put 

M +0 {(a«» = NoC^a . V =9 NoC^)8 . ^ = Nc*(cc 4- )8)} Df. 

In that case, 'Etl(fjL+^v) would have implied /i.ve'NoC, whereas with our 
definition it is only a ! Oa +o implies fi,ve NqC. The general treatment 

of double functions which only exist in certain cases would require a 
considerable logical apparatus not required elsewhere in our work, and this 
is, for us, a reason against adopting the method of treating vector-families 
which derives them, as in the above sketch, from a single function a; y. 



^ 330 . ELEMENTARY PROPERTIES OF VECTOR-FAMILIES. 


Summary of 91^330. 

In this number, we begin by defining the class of correspondences ** of 
a. A “ correspondence ” of a is a one-one relation R which makes every 
member of a correspond to an a, i,e, which is such that, if a? e a, R^x always 
exists and is a member of a. Thus, for example, if /i is an inductive number, 
4-0 with its field limited to inductive numbers, is a correspondence of the 
class of inductive numbers, provided the axiom of infinity holds. (Otherwise, 
(+0 y) D induct is not one-one.) The definition of correspondences of 
a is 

*330 01. cr^a = (1 -> 1) a n D^^Cl^a Df 

I.e. a correspondence of a is a one-one relation whose converse domain is 
a and whose domain is contained in a. The definition should be compared 
with the definition of cror^P in *208. 

It will be seen that if Recr^a and xea, R^x exists and is an a, and 
therefore R^R^x exists and is an a, and so on. Hence all the powers of 
R exist (*330*23). Similarly if P, S, P, ... are any finite number of corre- 
spondences of a, P j >S| Pj ... exists. This is proved for two and three factors 
in *330*21-22. 

We define a vector- family of a” as an existent Abelian class of 
correspondences of a, where an Abelian class of relations is defined as one 
such that the relative product of any two of its members is commutative. 
Thus we put 

*33002. Abel = ;J(P,S€/c.D^,s.P|S = ^|P) Df 
*330*03. fm^a = Abel a Cl ex^cr^a Df 

*33004. PJf = s^D^fm Df 

It will be remembered that Potid'P and (for certain kinds of relations) 
finid^P are Abelian classes of relations (*91*34 and *121*352). If Pe 1 — > 1, 
Potid^P will be a vector-family of (7^P, and if further P^QJ, finid^P will be 
the same vector-family. 

One other definition belongs to this number, namely 

*330 06. Df 

This definition has been sufficiently discussed in the summary of the 
present, Section. 
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After some preliminary propositions on Cl ex'cr'a (#330’1 — ’32) and on 
(*330‘-l — •43), we proceed to such properties of families as do not require 
any further hypothesis as to the nature of the family concerned. These 
properties are mainly such as assert the existence of relative products, and 
of logical products of converse domains, or such as assert commutativeness of 
the relative product under certain circumstances. The earlier propositions 
deal with members of tc, the later propositions mainly with members of 
The most useful propositions are : 

*330-64. : K e FM. Q, Rex. El R‘x.O. El R‘Q‘x 

*330-66. h : ic€ FM. Q, Rex. El R‘a. 2. R‘Q‘a = Q‘R‘a 
*330'61. \- : Ke FM- L,M e . 

a ia‘L A Q'if . a i d‘L a a‘M . a i « D'iif . a i D‘L a t)‘m 
*330-611. I- iKeFM — i‘i‘A . L,M e ic,.D ."^l L\M 
*330 624. \-:k€FM- ift'A . Z e . D . A ~ e Pot'i 
*330-63. hiiceFM .L.M€K,.ElL‘x.El L‘M*x . D . L‘M‘x = M‘L‘x 
*330-642. l-ixeFM- iH*k . Z, ilf e /c. . D . :aa;) . E ! . E ! L‘M‘x 
*330-71. .P,Q€/e.peNCind-t‘O.E!P''‘a;.D.E!(P|Q>>‘a: 

*33072. h ; * e FM — i‘t‘A . L, Me k^. p,a e NO induct . D . a 1 C[‘Z<' a Q'ilP 
*330-73. b : * e Pilf .P, Q e * . p e NC ind . E!(P 1 Qy“x.O .(P i Qy‘x = P'“Qi“x 


*330 01. cr‘a = (1 1) a Q'a a D“Cl‘a Df 

*330-02. Abel = Y(P,Se/e. D^.s.P; 5 = -Sr|P) Df 
*330-03. fm‘a = Abel a Cl ex‘cr‘a Df 

*33004. FM = s‘D‘{m Df 

*330-06. /e, = «‘(Cnv“A:) |“/c Df 

93 


*330-1. l-:/reClex‘cr‘a. = ./rCl->l.a“* = t‘a.D“/rCCl‘a [(*33001)] 

*33011. b (a®) • /r 6 Cl ex'cr'a . = ; « Cl -* 1 : (a«) • C[“/c = /.‘a . s‘D“(ic C a 
[*330-1] 

*33012. b;/e6Clex‘cr‘a.D.s‘a“-< = a [*3301 . *5302] 

*330-13. b : « e Cl ex‘cr‘a . D . D“/c C Cl‘s‘a“« . s‘D«/< C s‘a“/c [*330-112] 
*330-131. b ; (a®) . * e Cl ex'cr'a . = . * C 1 -* 1 . a“x e 1 . s‘D“x C s‘a“K 
[*330-11-12] 

*330-14. b:/«:eClex‘cr‘a.D.D«/cCNc‘a [*3301] 
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♦33016. h . Cl ex‘cr‘A = t‘t‘A [#3301] 

♦330161. l-;a!o./«eClex‘cr‘a.D. A~e/e [♦33014] 

♦33016. I- :.(g«) .«eClex‘cr‘a : t‘A ; D . A~e* [♦33016151] 

♦33017. I- : a ! a . « e Cl ex'cr'o . D . C Cl ex‘«‘a“/c [^330 13 1 51] 

♦33018. I- :.(aa)./(€Clex‘cr‘«:K=]=t‘A;D.D“KCClexVQ“« [♦3301517] 
♦330 19. 1- . t‘(/ [ o) e Cl ex'cr^o [♦SSO 1] 


♦330'2. h : AC 6 Cl ex'cr'a .Rsk.^I D‘M n s‘(1“k . 3 . a ! i2 1 If 
Dem. 

h . ^3301 12 . D h : Hp . 3 . a ! n C'iJ Oh. Prop 

♦330'21. h : AC e Cl ex'cr'a . ac 4= t‘A . R,8 e k .D R\S 
Dem. 

h . ♦33018 . 3 h : Hp . 3 . a 1 rt (1) 

h . (1) . ♦330-2 . 3 h . Prop 

♦330-22. h : AC e Clex'cr'a . ac + t‘A . JR, /S, ac , 3 . a 1 1 -Sj T 

Dem. 

h . ♦330-21 18 . 3 h : Hp . 3 . a 1 D‘(<Sf | T) r^ s'C"* (1) 

h . (1) . ♦330-2 . 3 h . Prop 

♦330*23. h ! AC € Cl ex‘cr‘o . ac + t‘A . R e k .0 . A'^e Potid'iJ 
Dem. 

h.^33016.3h:Hp.3.al7[(7‘i2 (1) 

h . ♦SSO-IO . 3 h : Hp . P € Potid'P . a ! P • 3 • a * • 

[♦330-2] 3.aIi2|P (2) 

h . (1) . (2) . Induct . 3 h . Prop 

♦330*3. h : AC e Cl ex‘cr‘a . / f* a € ac . 3 . « C | 

Dem. 

h . ♦330-1 .3h:.Hp.3:P€Ac.3.P = Pl/[a:. 3h. Prop 

♦330-31. h:AceClex‘cr‘a.PeAC.3..fi|P = /[s‘a“Ac [^3301] 

♦330-32. h AC 6 Cl ex‘cr‘a .P,/8eAc.3:.B|/S = /[ . = .R = S 

Dem. 


h . ♦330-31 . 

.3h: 

. Hp . 3 : P 

= S.3. 

.R\s = i[8‘a‘‘K 

(1) 

h . ♦330-1 . 

3 h ; 

Hp, 3.P 

\R\S== 

(D‘P1 1 8 

(2) 

h . (2) . 3 h 

:.Hp 

,3;P|-S = 


‘/e.3.P = (D‘P)'I/8, 


[♦72-92] 




3.p=<sra‘p. 


[♦330-1] 




3.P = aS 

(3) 

^,-(l).(3). 

.3h. 

Prop 
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*330-4. \-‘.MeK,. = . (^R, 8) . R,8 e k . M = R\ 8 [(*33006)] 

*330*41. I- . Cnv“«i = /c, [*330-4] 

*330*42. h ; /e e Cl ex‘cr‘a .I[aeK.'^.icyj Cnv*'* C /c, 

Dem. 

h.*330-l.*50-5-51.Dh:Hp.ii€Ae.D.JB = (7|‘o)|J2./|‘aeCnv“/c (1) 
h . (1) . *330-4-41 . D H . Prop 

*330*43. h : /c e Cl ex‘cr‘a . D . / f- s‘(I“/e e /e. [*330*31*4] 

*330*6. h e Abel. = : iJ, S e/c.Dfts.iJ I -g = /Sf I i2 [(*330*02)] 

*330*51. I- : /e € fm‘a . = ,k€ Abel a Cl ex‘cr‘a [(*330*03)] 

*330*52. 1- : AC e FM . = . (ga) . k e Abel a Cl ex‘cr‘a . 

= . AC € Abel . AC C 1 — > 1 . (I“ac e 1 . s‘D“ac C «‘CI‘'ac 
[*330*51*131 . (*330*04)] 

*33063. h;«e7’ilf.Q,i2€/«:.E! R‘Q‘x . D . E ! Q‘a: . E ! .B‘a; 

Dem. 

1- . *330*5 . D K : Hp . D . E I Q‘R‘x (1) 

I** . (1) . *30*5 . D h . Prop 

*330*64. H : AC e JW . Q, jB c AC . E ! .B'a; . D . E ! R‘Q‘x 
Dem. 

I- . *330*31*52 . D h : Hp . D . E'a: = R‘Q‘Q‘x (1) 

I- . (1) . *330*53 . D I- . Prop 

*330*641. h-.KeFM.Q.Rex.O. Q“T>‘R C D‘jB [*330*54] 

*330*642. \-:iceFM.ReK.O.D‘Re 8ect‘«‘Ac [*330*541 . *21 1 *1] 

*330*65. h : AC € T’M - i‘t‘A . Q, .B e ac . D . g ! D'Q a D‘iJ . g ! 

Dem. 

|- . *330*54 . D h :• Hp . D ; a: e D‘i2 . D . Q‘a; e D‘i2 : 

[*33*43] 3 ! g ! D‘i2 . D . g ! D‘Q a D‘i2 (1) 

h . (1) . *330*16 . 3 i- : Hp . 3 . g ! D‘Q A D‘iJ (2) 

V . *330*11*16 . 3 1- : Hp . 3 . D‘i? C Q'Q . g ! D‘i? . 

[*37*43] 3 . g ! Q“D‘i2 (3) 

h . (2) . (3) . 3 I- . Prop 

*330*661. V ; Hp *330*55 .0.^1 Q\R [*330*56 . *37*32] 

R. * w. in. 
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#330-66. \-iK€FM.Q,ReK.ElR‘a.':>. R*Q‘a = Q*R‘a 
Dem. 

I- . »330 o ll . D h : Hp . D . Q‘R‘R‘a « R‘Q‘R‘a . 

[*72-24] 3 . Q‘a = R‘Q‘R‘a . 

[*330-31-54] D . ^‘Q‘a = Q‘^‘a : 3 1- . Prop 

*330-661. l-;«€i’if.Q,i?€/i.3..R|Q|‘D‘i2 = Q|.B [*33056] 

*330-662. ViKeFM .Q^ReK.'^.RyQdQ [*330561] 

*330-663. h : AC € FM . R e k .\C k . RH‘\ G s‘\ [*330-562] 

*330 67. h : * e Abel . R, S e k .v e'NC induct . 3 . i2‘'|<S-= (R\8)‘', R\S‘'= S''\R 
Dem. ■ 

h. *301-2. ^i-.R<‘\S« = (R\SY.R\S^ = 8^\R (1) 

h . *330-5 .*301-21 . 3 K : Hp . ii I -S- = S- 1 . 3 . /J I «-+•> = S'’+‘^ \ R (2) 

b . (1) . (2) . Induct . 3 h ; Hp . 3 . i? I S- = /Sf- 1 i? (3) 

b . (3) . *301-21 . 3 b ; Hp . 3 . R-+>^ \ S-+*' ^R>’\S''\R\S (4) 

b . (4) . *301-21 . 3 b ; Hp . iZ- 1 S- = (i2 1 6')- . 3 . i2-+«i | = (R \ S)-+«i (5) 

b .(1). (5). Induct . 3 b : Hp. 3 .ii-| -S- = (E|S)^ (6) 

b. (3). (6). 3b. Prop 

*330-6. b ; AC e jPilf — t‘t‘A . Z e/c. . 3 . g ! i 
Dem. 

b . *330-164 .3b: Hp . 3 . (gQ, R) .Q,Re k \ R . L = R\Q . 

[*330-54] -^.{'^q,R,x),Q,Reic.R\R‘q‘x.L = R\Q. 

[*34-41] 3 . g ! Z : 3 b . Prop 

*330 61. b : AC eZW— i‘t‘A . Z, Jf e AC, . 3 . 

g ! Q‘Z n (l‘M . g ! D‘Z n (l‘M . g ! Q‘Z r> D*M . g ! D‘Z r\ D‘il/ 

Dem. 

b . *330-55-4 . 3 

V^.R•p.:^.{'^q,R,8,T),q,R,8,TeK.L = R\q.M^T\8.’a_\D‘Rf^D‘T. 
[*330-54] 

.{'^q,R,8,T,x) .q,R,8,T e K . L^R\q . M =^T\8 .R\R‘q‘x .'E.\h8‘x . 
[* 34 - 41 ] 3 . (gar) . E ! L‘x . E ! M‘x . 

[*33-43] 3 . g ! a‘Z o H'Jf (1) 

b . (1) . *330-41 . 3 b . Prop 
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*330-612. I- : AC e FM- i‘t‘A . Z. if, iyr« . 3 . g ! Q'Z n G'if n a‘iV 
Dem. 

I-. *330-22-4. 3 

I- : Hp . 3 . (gP, Q. i2, flf, r, TT) . P, <2, iJ, fif, r, IF e * . 

Z=.P|Q.if=P|S.iF*P|F.g!PlPlP. 
[*330-53] 3 . (gP, Q. R, S, T, W, x).P,Q,R,S,T,WeK. 

£ = P\Q. M = R\8.N^T\W. El P‘x.RlR‘a;. El T‘x. 
[*330 54] 3 . (gcu) • E ! L*x . E ! M*x . E ! N‘x ; 3 h . Prop 

*330 613. l-iKeFM- t‘t‘A . L, M.N e k, .0 . <^1 L\ M\N 
Dem. 

h. *330-22-4. 3 

h : Hp . 3 . (gP, Q, P, /Sr, P. TF, *) . P. Q, P, S. r, IF e * . 

Z = P| Q. if = P!P.P'= PI TF.ElP'P'P'cc. 
[*330-54] 3 . (gP, Q, R, S,x) . P,Q, R.Sex . 

Z = P1Q. if = P|<S.E!P‘P‘{iF‘a!). 

[*330-54] 3 . (gP, (2).P,Q€*.Z = P|Q.EI P‘{M‘N^x ) . 

[*330 54] 3 . (ga;) . E ! L‘M‘N‘x ; 3 I- . Prop 

*33062. h ; AC e FM .Zcac, .<S€ac.3./Si|ZGZ|S 
Dem. 

h.*330-561.31-:Hp.P,QeAc.Z = P|Q.3.<SflPGP|S. 

[*330-5] 3.-SiP|(2GP|QlP:3»-.Prop 

*330 621. h ;. AC € Pif - t‘i‘A .Lex^.C^PC s‘a“AC . g ! P : 

<SeAc.3s.P|PGP|S:3.g!P|Z 

Dem. 

h . *330-11 . 3 h :. Hp . Q, P 6 AC . Z = Q,| P . 3 : 

xPy . 3 . (gu, z) . uRx . zQy . xPy . 
[*34-1] 3 . g ! P i P I Q . 

[*330-5] 3 . g ! P I P I Q . 

[*330-661] 3 . g I P I Q I P . 

[Hp] 3.glPlZ;.3l-.Prop 
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*330-622. h ; Hp *330-621 . 3 . g ! Z j P 


Dem. 

f- . *330-11 . *72-59 . D h ; Hp . Q, P € 
[*72-69] 

[*330-621] 

[*330-6] 

[Hp] 


.i = <2|P.D.PCQ|PlQ. 

D.PlQGQjP. 

D.gjQlPIP. 

D.glQlPIP. 

D . a I Z I P : D h . Prop 


*330623. \-:K€FM.8€K.Letc, .MePot^L .D.S\MQM\S 
Dem. 

I- . *34-34 . D h : Hp . -S I Jf C if I /S . D . /S I i/ 1 Z G Jf I /Sf I Z . 
[*330-62] D.Slif |ZGif|Zl-S (1) 

h . (1) . *330*62 . Induct . D h . Prop 


*330*624. I* : * e FM — t‘t‘A .Zeic, Pot'Z 

Dem. 

I- . *330*6 . D I- ; Hp . 3 . g I Z (1) 

H . *330-622-623 . D f- : Hp . if ePot'Z . g ! if . D . g ! if | Z (2) 

I- . (1) . (2) . Induct . D h Hp . D : if e Pot'Z . Djf . g ! if D h . Prop 


*330-626. \-iKeFM.L,M€K,,QePot‘(L\M).SeK.0.8\Q<lQ\S 
Dem. 

l■.*330-62.DI-:Hp.D./S|Z|ifGZ|ifliS (1) 

h. *34-34. D 

\‘tR^.BeFot‘iL\M).8\RQ.R\8.0.8\R\L\M(lR\8\L\M 
[(1)] GP|Z|iflfif (2) 

H . (1) . (2) . Induct . D f- . Prop 

*330-626. h : A € Pif - t‘t*A . Z, if c . D . A ~ e Pot‘(Z | if) 

Dem. 

h. *330-611. DI-;Hp.D.glZ|if (1) 

l-.*330-621-625.DI-:Hp.Q6Pot‘(Z|if).g!Q.3.g!(2|Z (2) 

h. *330-625. Df-:Hp.(2ePot‘(Z|if).Pe*.D./S|Q|ZG(2|S|Z 
[*330-62] GQ|Z|P (3) 

l-.(2).(3).*330-621.DI-:Hp.QcPot‘(Z|if).glQ.D.g!(2|Z|if (4) 
h . (1) . (4) . Induct . D I- . Prop 
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«330'627. h : kcFM — t‘t‘A .L,M sk^.P e Pot'ilf .D.a!PlZ.a!L|P 
Bern. 

h. *330-611. Dh;Hp.D.a!ilf|P.alP|ilf (1) 

h. *330-623. Dh;Hp.S6*.D./S|PiZ;CP|S|P. 

[*330-62] D./S|PlP(iP|L|S (2) 

h. (2). *330-622. Dh:Hp.a!P|X.D.a!lflPlX (3) 

h . (1) . (3) . Induct . D H : Hp . D . a ! P | X (4) 

h. (2). *330-621. Dh:Hp.a!X|P.D.a!X|PlJlf (5) 

l-.(l).(5). Induct. D I- :Hp.D.alX|P (6) 

h . (4) . (6) . D I- . Prop 


*330 63. h ; « e PJlf . X, if € «. . E ! X‘a: . E ! L‘M‘x . D . L‘M‘x = if‘X‘a: 

Bern. 

f-.*330-56.DI-:Hp.Q,P,S,reA:.X = Q|P.if=,S|P.D. 

Q*R‘S^T‘x^Q‘8‘R‘T‘x 
[*330-5] =8‘Q‘!PR‘x 

[*330-56.Hp] = S‘T‘Q‘R‘x : D I- . Prop 


*33064. xeFM . L, Me : 

E ! X‘a; . E ! L^M*x . = . E ! if‘® . E I M‘L‘x [*33063] 

*330-641. f- :. AC e FM . X, if € /c. . E ! L‘x . E ! M‘x . D : 

E ! X‘if‘a; . = . E 1 M‘L‘x . = . L^M‘x = if‘X‘a; [*330-63 64] 

*330642. I- : « e FM — i‘t‘A . L, M e k,."^ . (aa;) ■ E I L‘x . E ! L‘M‘x 
Bern. 

h. *330-21. D 


h : Hp . D . (aP, Q, P, S, cc) . P, Q, P, S e /« . X = P I Q . if = P I /S . E I P‘P‘a; . 


[*330-53-54] D . (aP, Q. P, . P, Q, P, P e *. X = P 1 Q . if = P 1 S . 


E I P*Q‘x . E 1 P‘Q‘R‘8‘x : D I- . Prop 

*330-643. h ; AC € Pif . P c * . X e AC. . E I X^a; . D . P‘X*a: = L‘P‘x [*330-56 5] 

*330-66. \-:xeFM.Q,R,8,T€K. R‘Q‘x = T‘8‘x . D . T‘Q‘x = R‘8‘x 
Bern. 


V . *72-24 . D h : Hp . D . Q‘a! = R*T8‘x 
[*330-56] = T‘R‘8‘x . 

[*72-24] 3 . T*Q*x « R*8‘x ; D h . Prop 
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«330'66. K € FM. Q, R, 8, T €K. El R*Q*w. El T‘8‘x . D : 

R^Q*x = T‘a*x . s . T*Q‘x = R^S^x 

Dem. 

h . #330-66 . D h ; Hp . T‘Q‘x =. R‘8‘x . D . T‘R‘Q‘x = R‘R‘8‘x 
[#72-241] =/8f‘«. 

[#72-241] D . R‘Q‘x - T‘8‘x (1) 

I- . (1) . #330-66 . D h . Prop 

#330-7. h : * e FM . P.Qe k . p e NC ind — i‘0 . E ! Q‘(P \ Qy-‘^‘P‘x . D . 

Q*(P 1 Qy-‘^‘P‘x = (P I Qy“x 

Dem. 

h. #330-56. #301 -2. D 

h : Hp . E 1 Q\P I Qy>‘P‘x . D . ^‘(P | Qy>‘P‘x = (P | Qy‘x (1) 

I-. #330-56. #301-21. 3 

h Hp : E ! Q‘(P | Qy-*^‘P‘x . 3, . Q‘(P | Qy->^‘P‘x = (P i Qy‘x : 3 : 

E ! Q\P 1 Qy‘P‘x . 3 . Q\P I Qy‘P‘x = (P | Qy*Q‘P*x 
[#330-56.#301-21] = (P | Qy+ ^‘x (2) 

H . (1) . (2) . Induct . 3 h . Prop 

#330-71. h iKeFM. P,Qe/e . p eNC ind - 1‘0 . E I Pi>‘x . 3 . E I (P| Q>“a; 
Dem. 

h . #330-54 . 3 : Hp . E ! P^‘x . 3 . E ! (PI (1) 

h . #301-21 . 3 h :. Hp : E ! Pf^x . 3* . E I iP\Qy‘x : 3 : 

E ! h+'^^x . 3 . E ! (P I Qy‘P‘x . 

[#330-52] 3 . E I Q‘(P | Qy^hx . 

[#330-7] 3 . E ! (P I Qy+’^‘x (2) 

h . (1) . (2) . Induct .31-. Prop 


#330-711. Vi KtFM.Qe «‘Pot«* . 3 . Q'Q = «‘a«« 

Dem. 

I- . #330-62 .3h:Hp.P«*.3. Q'P = «‘CI«* (1) 

h. #37-322. 3 

h : Hp . P c * . Q e Pot'P . a‘Q = a'Q"* . 3 . a‘(<2 1 P) - «‘a“* (2) 

h . (1) . (2) . Induct .31-. Prop 
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#330‘72. h : AC € FM . L,M e . p,a- e NC induct . 3 . g ! C[‘L‘‘ a WM’' 
Dem. 

h.*330-7ll-23.D 

f- : Hp .P.RtK.'^. (ga) . E ! . JR"'® e Q'P" . 

[*330-52] D . (ga) . E I (1) 

I- . #330-57 . 3 I- : Hp (1) . a: = P'‘P'‘® . 3 . E ! P’‘x . E ! P'‘a; (2) 

h. (2). #330-71. 3 

h : Hp(2). Q, Se AC. P = PlQ.itf = P I S. 3. E!i>‘a;.Elilf'‘ar. 
[#33-43] ^.xea•Ll‘f^a‘M<' (3) 

I- .(l).(3).3l-.Prop 

We have “NC induct” in the above proposition, not “NCind,” because 
it is necesscu-y to have E I Z> . E ! M", and by #301-16 this may fail if either 
p or ® is null in the type of L and M. The existence of a family does not 
imply the axiom of infinity, since the family may be cyclic. 


#330-73. h : K € PM . P, Q 6 AC . p 6 NC ind . E ! (P I Qy‘x . 3 . 

(P|Q>>‘a; = Po‘Qo‘a! 

Dem. 

h . #330-56 . 3 1- : Hp . E ! P‘y . 3 . Q‘P‘y = P‘Q‘y (1) 

1- . (1) . 3 1- ! Hp . Q‘Po-*i‘a! = pp-.i‘Q‘a; . E ! Po‘y . 3 . = P‘Q‘Po-«i‘y 

[Hp] =P‘^-.i‘Q‘y 

[#301-23] =h‘Q‘y (2) 

h . (1) . (2) . Induct . 3 h : Hp . E I P<“y . 3 . Q‘P'>*y = P^‘Q‘y (3) 

I- . #301-23 . 3 I- : Hp . (P I Qy‘x = Pi“Q<“x . E I (P 1 Qy+>^‘x . 3 . 

(P I = P‘Q‘]^Q“x 

[(3)] ^P‘Po‘Q‘Qi>‘x 

[#301-23] =PA+.i<Q?+.Ua, (4) 

h . (4) . Induct . 3 h . Prop 



*331. CONNECTED FAMILIES. 


Summary of *331. 

A connected point ’’ of a family /c is a point of the field of k from which 
every member of the field can be reached by a member of k or the converse 
of a member. That is, if a is a connected point, we are to have 

X € s^G.^^k . Dx • (a^) • E € /c . x(R R) a 
as well as a e This amounts to saying that every member of 

is of the form R^a or i2^a, where Re/c. The definition is 

*331*01. conx^/c = a a (s^fc^a w s^K^a = Df 

Here we include the factor s^d^^fc in the definition, in order to exclude 
the case when fc = t^A. If were not included, we should have 

conx^t^A = V, whereas with the above definition conx^t^A = A. 

In the case of any other family, the factor makes no difference, 

since if exists, 

— > 4 — 

s^K^a u s^K^a = s^d^^K . D - a e 

and if /c is a family, G^s^k = But in the case of t^A, the factor 

s^d^^K insures that no connected point exists, thus securing, conversely, that 
a family which has a connected point is not t^A. This is convenient, since 
the case of t^A, which is trivial, would often otherwise have to be explicitly 
excluded. 

The definition would be more analogous to the definition of a connected 
relation in *202 if we put 

— * 4 — 

uonx^/c = s^d^^fc A a {s^fcfa w s^Kfa w t^a = Df. 

But this definition fails to give us the information that there is a member 
of fc which relates a to itself, whereas our definition does give this informa- 
tion, and hence leads to the proof that / [ s^d^^K e k, i.e, that there is a zero 
vector. 

We say that a family “ is connected ” when it haA at least one connected 
point, i.e, we put 

*331*02. , FM conx = FM a (g I coux^k) Df 



SECTION B] 


CONNECTED FAMILIES 


361 


When all points of the field are connected points, the family “ has con- 
nexity ” (cf. ♦334*27), provided k 4 = For the present, we only assume 
that at least one of the points of the field is a connected point. To 
take an illustration : the family whose members are of the form 
(Xo/t)^ (NC induct— t^O), where /it € NC induct — t^O, has only one con- 
nected point, namely 1. If we had taken positive and negative integers, 
both as multipliers and as constituting' the field, we should have had two 
connected points, namely 1 and — 1. 

Almost all our future propositions on vector-families will be confined to 
connected families. In the present number, we prove first that in a connected 
family /r, the vector which relates a connected point to itself also relates any 
other member of the field to itself (*331*2), whence it follows that 1 
is a member of k (*331*22), and that every other member of k is wholly 
contained in diversity (*331*23), and that tc u Cnv^^/v C k^, (*331*24). We 
next prove that the product of two members of /c is a member of k or of 
Cnv^^^ (*331*33). We then proceed to consider and prove at once the 
two fundamental properties of in a connected family, namely (1) that 
between any two members of there is a relation which is a member 

of Kt (*331*4), and (2) that two members of tc^ whose logical product exists 
are identical (*331*42). From these two propositions it follows that there is 
just one member of /c* which relates any two members of (*331*43). 

Finally we prove that any power of a member of ac is a member ot k\j Cnv^Ac 
(*331*64), and that any power of a member of /c» is contained in some member 
of /t, (*331*56). 

Stated symbolically, the above propositions are as follows : 

*331*2. I- :- « € FM . a e conx^/c . x e s^d^^K . Re k R*a =*». = . R^x = x 

*331*22. h : /c € FM conx • D . J V € k 
*331*23. h : AC € FJf conx . 3 . ac C RVI w Rl^J 
*331*24. I- : AC e FM conx . 3 . /c v Cnv^^Ac C ac* 

*331*33. h : AC € FM conx . 3 • 5*/^ C ac w Cnv^^Ac 

ff 

*331*4. h : KeFM conx m x^y es^d^^K .0 .(^L) . L e x^ 

*331*42. h :,K€ FM conx .L,M€K^,Dz^lLf\M, = .L=^M 
*331*43. h : « e FM conx . a?, y e s^Q^^ac . 3 . ^(M e Kt • xMy) e 1 
*331*54. h : K€ FM conx . P € . 3 . Pot'P C ac u Cnv'^Ac 
*331*66. h : tceFM conx .LeK^* MeVot^L . 3 . {^N) »Neic^.M(iN 

*331*01. conx^Ac = ^^Q'^ac a S (i^^a w = s^d^^/c) Df 
*331*02. FM conx = FM conx^ic) Df 


24 
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# 3311 . 

h : a € conx^/c . = . a f . s^K^a w =» $*d^^K [(*331*01)] 

# 33111 . 

h :.a €Conx'/c . = : . 3 » * (glZ) •iZe ac 

[*331-1] 

(RKiR)a 

# 33112 . 

h : g ! conx^K . 3 . =|= [*331*1] 


# 33113 . 

h AC € Cl ex^cr^a . 3 ; a € conx^ic . = . /« 4" . s^Ac'a u s^K^a *= s^Q^^ac 

Bern. 




h . #53'24 . D h : Hp . k 4= t‘A . i‘«‘a u a‘K‘a = s‘Q“« . D . g ! i‘*‘a w s‘/c‘a . 
[#33013] D.aes'Q"* (1) 

I- . (1) . *3311 12 . D H . Prop 

#331*131. H « c Cl ex‘cr‘a . D a e codx‘k . = ; ac + l‘A : a; e s‘Q“a: . 3* . 

(gjR) .ReK.x(B\jR)a [#331*13] 
— > 

#331 14. 1- X = * w Cnv“* . 3 : a e conx'/c . = . o e s‘Q“/c . i‘X‘a = s‘C[“ac 


[#3311] 

#331 '2. h AC « /'if . a e codx'ac . a; e s‘(I“ac . Re k .D t iJ'ct * a . = . iJ'a? = a; 

Dem. 

I-. #33111. 3h:Hp.3.(aS).-SeK.a?(<Sc;^a (1) 

h . #330*5 . 3 h ; Hp .SeK.x = S‘a . R‘a = 0.3. R*x = 8*R‘a 

[Hp] =8‘a 

[Hp] ^ (2) 

1- . #330*66 . 3 1- : Hp .8eK.x = 8‘a . R‘a = 0.3. R‘x = 8‘R‘a 

[Hp] =8‘a 

[Hp] =.a; (3) 

h.(l).(2).(3).3h:.Hp.3:i2*o = o.3.i2"a: = a! (4) 

Similarly h Hp . D : = , R^a = a (6) 

h . (4) . (5) . D h . Prop 

^331*21. h /e 6 FM . a e conx^/c • iZ 6 /v • 3 : R^a = a • = . / s^d^^/c = R 
Dem. 

h . *331-2 . D h : Hp . iZ^a = a . D (1) 

h . *331-1 . D h : Hp . J t = iZ . D . IZ^a = a (2) 

1“ . (1) . (2) • 3 h . Prop 

*331*22. h z K€ FM conx . D . J s^d^^K e k 
Dem. 


h . *331-11 . 3 h : Hp . a e conx*/c . 3 . (glZ) • Rete • R^a = a 
' h . (1) . *331-21 . 3 h . Prop 


( 1 ) 
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*331-23. I- : * e conx . D . « C R1‘/ w R1‘/ 

Dem. 

h . #331-2-21 .Dh:Hp.B€*.a!.B/Sj.D.RC/:Dt-. Prop 
*331-24. h : AC e FM conx . 3 . « w Cnv“* C ac, [*330-42 . *33122] 
*331-26. \-:k€FM conx - 1 . D . g 1 ac a R1‘J [*331-22-23] 


*331-26. h ; AC 6 FM conx — 1.3. s‘ac, s‘ac, ~ e ac, 

Dem. 

h . *331-22-25 . 3 h : Hp . 3 . (ga, R, 8,01). R, Sex. aRa . aSx . a a; . 
[*71-172.*41-11] 3.s‘/c~el-»l. (1) 

[*331-24] 3.«‘ac.~€1^1 (2) 

h . (1) . (2) . *330-62 . 3 h . Prop 


*331-31. h i. K e FM . a € conx‘ic . X e 8‘(1 ‘‘k . Pe ac . JV^eAc, . 3 : 

P‘a = N*a . = . P‘x - N‘x 

Dem. 

h. *331-11. *330-4. 3 

h;Hp.3.(gQ,P,fif).Q,P,,Sre/c.a;(Qoe)a.J\r = P|S (1) 

h. *330-6. 3 


h : Hp .Q,R,8eic.x= Q‘a .N=R\ 8. P‘a — N*a . 3 . P‘x — Q‘R*8‘a 
.[*330-56] =R*Q‘8‘a 

[*330-6] =R‘8‘Q‘a 

[Hp] ^N‘x 

h. *330-66. 3 

I- : Hp .Q,R,SeK.x = Q‘a .F'=R18. P‘a = JV'a . 3 . P‘x = Q‘R‘8‘a 
[*330-6] =R‘Q*8*a 

[*330-66.Hp] = R‘8‘Q‘a 

[Hp] =N‘x 

h . (1) . (2) . (3) . 3 h ; Hp . P‘o = i\r‘a . 3 . P‘a: = 

Similarly h : Hp . P‘x = N‘x . 3 . P‘a = N‘a 

H . (4) . (6) . 3 h . Prop 


( 2 ) 


(3) 

(4) 

(5) 


*331-32. I- :. AC € FM conx .PeAc.JlTeAc, .3:g!PAJV. = .P = iir 
Dem. 

h . *331*31 .31";; Hp . a e conx‘Ac . 3 :. tc, y e «‘Q !“ac . 3 : 

P‘x = N‘x . = . P‘a = N*a . = . P*y = N‘y (1) 
h . (1) . (*331-02) . 3 1- :. Hp . 3 ; ar, y €s‘a“* . P‘x = . 3 . P‘y = N‘y ; 

[*33-45.*72 94] 3:glPAJV.3.P = iV (2) 

I- . *331-12 . *330-16 . 3 h :. Hp . 3 : P = . 3 . g ! P A (3) 

l-.(2).(3).3h.Prop 
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*331-321. l-:.*eJf’Jlfconx.P,Qe*.D;alPAQ. = .P = Q [*331-32-24] 


*331-33. H : « « FM conx . D . C * w Cnv“/c 

Dem. 

h . *331-11 . D h Hp . D : (go) : P, Q e A . Dp.o . (gP) . (P‘Q‘o) (P w P) a (1) 
h . *330-5 . 3 

h : Hp . P, Q.P e * . P‘(2‘a = P‘a . S« « . y = S'o . D . P‘Q‘y = P‘P‘Q‘o 
[Hp] = S‘R‘a 

[*330-5.Hp] = P‘y (2) 

h. *330-56. D 

h : Hp . P. Q, P e « . P‘Q‘a = P'a . S e « . y = ,S‘o . D . P‘Q‘y = S'P'Q'a 
[Hp] = S‘R‘a 

[*330-66;Hp] -P‘y (3) 

H . (2). (3) . *331-11 . D h : Hp .P,Q,Pe* . P‘Q‘a==R‘a . D . P | Q = P (4) 
Similarly h :Hp.P,Q,Pe/t.P‘Q‘o = P‘a.D.P|Q = P (6) 

1-.(1).(4).(6).D 

I- Hp . P, Q e K . 3 : (gP) ;P€*:P|Q = P.v.PlQ = P:.Dl-. Prop 

*331-4. h : * e FM conx -Wiye «*(!“* . D . (gP) . X e *, . * = L‘y 
Dem. 

H. *331-11. DH:Hp.D. (go, P,S).P, fife*. ®(Pc»P)a.y(Sc»S)a (1) 

h .*330-66 .31-: Hp .R,8€k.x= B‘o.y = /S‘a. 3.a!=/S‘P‘y . 

[*330-4] D.(gP).ie/r..aj=P‘y (2) 

1-. *331-24-33. 3 

I-;Hp.P,Se«.<c*«P‘o.y=<S‘o.3.Pl/S€/e,.®=(P|(S)‘y (3) 

h. *331-24-33. 3 

h : Hp . P,i3e« .o^sP'a.y = P‘a. 3 .P| jSfex. . <r = (P |<S)^y (4) 

I-. *330-4. 3 

h : Hp .R,8eK.x== R‘a . y = 8*a . 3 . P | £> e . tc » (P 1 8)‘y (6) 

h. (1). (2). (3). (4). (6). 3 h. Prop 


*331-41. hi xeFM conx . 3 . 5‘<e. « (s'Q"*) f («‘a“«) [*3314] 

*331-42. h :. K 6 FM conx . L,M e i<^l L M . s . M 

Dem. 

H.*330-6.*331-12.3H:Hp.P = ilf.3.glPA2f (1) 

I-. *331-4. 3 

h-; Hp . Z'j! = M*x . E ! L*y . 3 . (gP) . iV e . N‘x s> y . E ! P‘y . 
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[*330'G3] D . (giV) .Next. N‘x = y . L‘y » N*L‘x 

[Hp] ^N‘M‘x 

[*330-63] =M‘N‘x 

[*13-12] :i.L‘y=M‘y (2) 

Similarly 1- : Hp . L‘x = M‘x . E I M‘y . D . L‘y = M*y (3) 

l-.(2).(3).*7l-35.DI-;Hp.a!iAM.D.i = ilf (4) 

h.(l).(4).3h.Prop 

*331-43. !■ : « e FM conx •x,y e 8*0.“ x . D . {M e x, . xMy) e 1 

Bern. 

h . *331-4 . D h : Hp . D . (gilf) . {M exi. xMy) (1) 

1- . *331-42 . D h : Hp .L,M€x^, xMy . xLy .L = M (2) 

h . (1) . (2) . D I- . Prop 


*331*44 Vi.xeFMconx.P,Qex.'^z’^\P f\Q. = .P=iQ [*331*42-24] 
*33^45. V xeFM <xitLX. L,M,N ex^.'^i 

tlL\Mf^N. = .L\M = N\0*{L\M) 

Bern. 

h.*330-611.Dh:Hp.Z|Af = iVI-a‘(X|ilf).D.g!i|Jlf(SiV (1) 

1- . *33063 . D h ; Hp . L*M‘x = N‘x . E ! L*M‘y .Xex^.y — X‘x . D . 

L*M‘y = L‘X‘M‘x . E ! L*M‘x . E ! L*X*M*x . E ! Z‘a: . 
[*330-63] ':),L‘M*y = X*L*M*x.'E,\X*x. 

[Hp] -i.L*M*y^X*N*x.^\X*x. 

[*330-63] D . L*M‘y = N*X*x 

[Hp] = N*y (2) 

I- . (2) . *331-4 . 3 1- : Hp . L*M*x ^N‘x.ye a*(L 1 if) . D . L‘M‘y = N*y (3) 
I- . (1) . (3) . D I- 1 Prop 

*331-46. h Hp *331*45 . 3 : if | Z = iVt a‘(if \L). = .L\ M=N\0\L \ M) 
Bern. 

h . *330-642-63 . 3 h ; Hp . Z | if = JV ra‘(Z | if) . 3 . (ga;) . M‘L‘x = N‘x . 
[*331-45] 3.iflZ = iV'f-a‘(if|Z) ( 1 ) 

Similarly h : Hp. if | Z = iT f*(I‘(if ] Z) . 3 . Zjif =^7 f-(I‘(Z|if) (2) 

h . (1) . (2) . 3 h . Prop 

*331*47. I- ixeFMconxiL, if e/c, . 3 .(gJT) .ife*. .Z|ifGir.if|ZGir 
[*331-46-45-4] 

*331*48. h : AC e FM . Z e ac. . g ! conx*x a C‘L . 3 . Z e ac w Cdv^ac 
Bern. 

h . *330*41 .31-:. Hp . a e coux'ac a C*L . 3 : Z, Z e ac« : E ! Z‘o . v . E ! Z‘o : 
[*331*11] 3 : Z, Z € AC, : (giZ) : E e ac w Cnv“Ac ; Z‘o = R*a . v . Z‘a = R*a : 

[*331*24*42] 3 : (gE) ; E « ac va Cnv“Ac :£ssE.v.ZaE:.3i-. Prop 
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)l»331'6. I* : jc 6 FM conx .PeK.Lexi. m L\P, P\L e k, 

Dem. 

1-. *331-33.3 

I- : Hp .Q, i26K.£ = Q|i2.3. (aS) . S e « w Cnv'** . Z | P = Q | S (1) 

h.*330-4.31-:Hp(l).Se/e.i|P = Q|£r.3.i|P6*. (2) 

H. *34-2. 3 

|-:Hp(l).S€Cnv«*.i|P-5|£r.3.(a2’).Pe/c.ii|P-Cnv‘(P|<3). 
[*331-33] 3.i|Pe*wCnv“*. 

[*331-24] 3.£|Pe/ic. (3) 

I- . (1) . (2) . (3) . *330-41 . 3 H . Prop 

*331*61. h : AcePJ/conx . Pe/e . 3. Pot‘PC/e, [*331-5 . Induct] 

*331*52. H :* ePAf conx . P, Q 6* . Zr . 3 . P I Z/ 1 Qe*, [*331*5] 

*331*63. f- : « e PM conx .P, QeAs.p, <reNC induct . 3 . P** | Q®* € «. 

[*331*5 . Induct . *331*51 . *330*43] 

*331*54. !■ : « e PM conx . P « /c . 3 . Pot'P C « u Cnv“« 

Dem. 

h . *330 711 . 3 h : Hp . a e conx‘* . Q e Pot‘P . 3 . E 1 Q‘a . 

[*331-11] 3 . (aP) . Pe * V Cnv“* . Q‘a = T*a . 

[#331-51*42*24] 3 . Q c * w Cnv‘‘« .Oh. Prop 

*331*66. h : « c PM conx . P,Q e . p e NC induct . 3 . 

(P 1 Qy e Po 1 0^ . Po 1 Qo e AC. [*330*73 . *331*53] 

*331 66. h ; AC € PM conx . L e Ki. M e Pot'Z . 3 . (a.^) . M e ac, . M G 
[*331*55 . *330*4] 



91^332. ON THE REPRESENTATIVE OF A RELATION IN A FAMILY. 


Summary of a|i332. 

We saw at the end of the last number (*331*56) that any power of a 
member of is contained in a member of When a relation is contained 
in a member of K^y we call this member the "representative” of the relation 
in the family. For purposes connected with the application of ratio, the 
" representative ” is an important function of a relation, especially when the 
relation concerned is a power of a member of k^. By the definition of ratio 
(*303*01), we shall have L{pl<r)M if and p Prm o*. Now if 

and each have a representative, then they must have the same representative 
if a ! n (by *331*42). Hence we are enabled to substitute an equality 
for a ! Z®* o in dealing with ratios of members of The elementary 
properties of representatives are dealt with in the present number. 

We denote the representative of P in the family k by " rep^^P.” In order 
to insure E ! rep,c^P under all circumstances, we do not define rep»'P as the 
only member of which contains P, but as the logical sum of the class of 
members of which contain P, i,e, we put 

*332*01. rep,t'P = f\ d^P) Df 

4 — 

In a connected family, if P is not null, at* a G^P cannot have more than 
one member (*332*21), and therefore the representative of P, if it is not null, 
must be a member of (*332*22). If P is a member of it is its own 
representative (*332*241). 

We prove in this number that, if P, Q, P, ... have existent representatives, 
the representative of their relative product (unless this product is null) is 
the representative of the relative product of their representatives (*332*37). 
Among other important propositions in this number are the following : 

*33232. ViKeFM conx . Z, Af 6 /Ct . D . rep,c^(Z | M) = rep,t^(Af | Z) 

*332*51. h : K€ FM conx . P, Q c . D - rep«^(P | Q) « Q | P 

*382*53. h : /r € FM conx • P^Qe k .pe NC induct . D . rep,e^(P ] Qy « P#» | 

*332*61. h : /c € FM conx . Z € ^4 . D • rep,t^‘Potid^Z C 
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*3S2B. \-iKeFM conx . LfMe Kf ^ e NO ind . 3 . 

rep/(Z I = rep/(X* | M() 

#332-81. hiKeFM conx .v,<re NC ind — t‘0 . Z e . 3 . 

rep,‘i‘'^“®' = rep,‘(repK‘X‘’)'' 


#332-01. rep/P = 8‘(*.nG‘P) Df 

#332*1. h . rep,‘P = i‘(«. n G‘P) = Stp {(gZ) .LeKt.PdL. xLy] 
[(#332-01)] ♦ 

#332-11. h ; a ! rep,‘P . 3 . P G rep/P [#332*1] 

#332-12. h : a J rep.'P . 3 . a ! («. r^*Q‘F) [#3321] 

#332-13. h . rep,‘A = s‘/e. [#332*1] 

#332-14. hiPdQ.O. rep/Q G rep/P [#3321] 

#332 16. h . rep«‘P = Cnv‘rep,‘P 
Dem. 

V . #330-41 . 3 f- . /c. A OP = Cdv“(*. a OP) (1) 

I- . (1) . #332-1 . 3 h . Prop 

#332-16. I- : * = t‘A . 3 . rep.‘P = A [#3321] 

#332*2. I- /c € FM — i‘t‘A . 3 : a ! G‘P) . = . a ! rep^'P 
Dem. 

V . #330-6 . 3 h : Hp . a ! (ACi a OP) . 3 . a ! (*. a OP) - t‘A . 
[#3321] 3 . a ! rep,‘P (1) 

h . (1) . #332-12 , 3 h . Prop 

#332-21. V-.kcFM conx . a ! P • 3 • (*. n OP) e 0 w 1 
Dem. 

4 . #331*42 . 3 h ; Hp . L, Me Kt.PdL.PdM.D.L — Prop 

#332*22. V i.Ke FM conx . a ! Z* . 3 : rep,‘P e /c. . v . rep,‘P = A 
Dem. 

h . #332*21*12 .31-: Hp . a I rep,‘P . 3 . (*, a G‘P) e 1 . 

[#3321] 3 . rep,‘P e x, : 3 h . Prop 

#332-23. \-i.KeFM conx . a ^ P . 3 : rcpie e Ki ■ — . a I (at. a G^jP) 

Dem. 

1- . #332-22-2 . 3 I- : Hp . rep/P ~ e -c. . 3 . (*. a OP) = A (1) 
I- . #330*6 . 3 I- : Hp . rep,‘P e x, . 3 . a ^ rep,‘P . 

[#332-2] 3 . a J (*. A W) (2) 

h . (1) . (2) . 3 h . Prop 
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4k332*231. h :./ce FM conx - 1 . D : rep^'P € - s . g ! P . g ! (/iCi a 6^P) 

Dem, 

h . 9|f331*26 . D f Hp . D : rep^^P € ^ - rep«^P =t= . 

[*332-13] D.P + A (1) 

h . (1) . *332*23 . 3 h - Prop 

*332*232. \’ :.K€ FM conx -1.3: rep«^P e /c* . = . g ! P . g ! rep^'P 
[*332*231-2] 


*332*24. h ZnKc FM conx . g ! P . 3 : Z e a C'P) . = . g ! rep«^P . rep^^P = L 
Dem, 

h . *332*21*1 . 31-:. Hp . 3 : P € a G^P . 3 . rep^^P = L (1) 

h . *332*2 . 3 h :. Hp .3:i€ic. AG^P.3.g! rep«^P (2) 

h . *332*22 . 3 h :. Hp . 3 : g ! rep*^P . 3 . rep^'P e : 

[*13*12] 3 : a J rep*^P . rep«^P L , Le ic^, (3) 

h . (3) . *332*11 .31-:. Hp . 3 : g ! rep«^P . rep«^P = i . 3 . L € (/Ct a G^P) (4) 
h.(l).(2).(4).3l-.Prop 

*332*241. : fc€ FM conx . P € /t* . 3 . P = rep«^P 


Dem, 

h . *332*24 . 3 h :. Hp .g!P.3:P€/iCcAG^P. = .gI rep«^P . rep^^P = P : 
[Hp] 3:rep/P = P (1) 

h . *330*6 . 3h:Hp.<N.»g!P.3./c = . 

[*332*13] 3.rep/P-A (2) 

h . (1) . (2) . 3 h . Prop 

*332*242. h : /c € FM conx • g ! P • g ! repic^P • ^ • rep«^P = rep*'rep,t*P 
Dem, 

h . *332*22 Oh: Hp . 3 . rep^^P e ic^ (1) 

h . (1) . *332*241 . 3 h . Prop 


*332 243. Vik^FM conx . g ! P . P C / f" s‘(I“« . D . rep,‘P = / f" *‘0!“* 
[*332'24 . *330-43] 

#332244. Vi.KeFM conx — 1.3: 

g ! P . P G / 1" . = . rep^^P = / 

Dem, 

h . *331*26 . *330*43 . 3 h :. Hp . 3 : + / 1 = 

[*332*13] 3 : rep/P = O . g ! P (1) 

h . *332*11 . 3 h :. Hp . 3 : rep/P = / 1 . 3 . P G / (2) 

h . (1) . (2) . *332*243 . 3 h . Prop 
B.^kw. m. 
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«332'25. I- : * e FM conx . g ! P . g ! rep,‘Q . P G Q . D . rep*‘P = rep.'Q 
Dem. 

V . *33211 . D h : Hp . D . P G rep«‘Q (1) 

h . *332*22 . D h : Hp . D . rep,‘Q e K^ (2) 

h . (1) . (2) . *332*24 . D I- . Prop 

*332*26. h ; AC 6 FM conx . g ! P A Q . g ! rep,‘P . g ! rep«‘Q . D . 

rep,‘P = rep«‘Q = rep*‘(P A Q) [*332*25] 

*332*27. h : a; eFM conx . g!P. g!rep,‘Q .g!Q Arep,‘P. D . rep«‘P = rep,‘Q 
Dem. 

h . *332*11 . D h : Hp . D . Q G rep«‘Q . 

[Hp] D . g ! rep/P A rep/Q (1) 

h . *332*22 . D H ; Hp . D . rep,‘P, rep,‘Q e ac. (2) 

I- . (1) . (2) . *331*42 . D I- . Prop 

*332*31. h : X £ FM coax .£,Me/c,.D. rep/(£ j M) e ac. 

[*330*611 . *331*47*12 . *332*23] 

*332*32. h : « e FM conx . L, M ex, .D. rep/(£ 1 Jlf ) = rep, ‘(ilf | L) 

[*330*61 1 . *331*47*12 . *332*24] 

*332*33. h : AC € FM conx . rep,‘P, rep«‘Q e ac, . g ! P | Q . D . rep,‘(P | Q) 

= rep,‘{(rep/P) | (i*ep«‘Q)} = rep,‘{(rep,‘P) | Q} = rep,‘{P | rep/Q} 

Dem. 

h . *330*6 . *331*12 . D h : Hp . D . g ! rep,‘P . g ! rep,‘Q . 

[*332*11] D.PGrep/P.QGrep/Q. (1) 

[Hp] D.g!P|rep/Q (2) 

h. *330 6. *332*31 .(1).D 

I- ; Hp . D . P I rep,‘Q G rep,‘P | rep.'Q . g ! rep,‘jrep*‘P | rep,‘Q} . 

[(2).*332*26] 

D . rep/(P I rep/Q) = rep,‘{rep,‘P | rep,‘Q} . g ! rep,‘(P | rep/Q) (3) 
Similarly 1- ; Hp . D . rep,‘{(rep,‘P) | Q) = rep,‘{(rep,‘P) | (rep,‘Q)} (4) 

l-.(l).D l-:Hp.D.PlQGP|rep,‘Q. 

[Hp.(3).*332*26] D . rep.‘(P ] Q) = rep/(P | rep,‘Q) (6) 

I- . (3) . (4) .(5).Dh. Prop 

*332*34. h : Hp *332*33 . D . rep/(P jQ)ex, [*332*31*33] 

*332*36. h : xeFM conx. £, M,N ex,. . 

rep,‘(i I I iV) = rep,‘{Z | Tep/(M\N)} = rep,‘[{rep.‘(Z | M)} | N] 
[*330*613 . *332*31*33] 

*332*36. . I- : Hp *332*35 . 3 . rep/(£ | if | J7) c [*332*35*31] 
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*332*37. H ; * e FM conx . rep«‘P, rep,*Q, rep,*iJ e<e..a!P|Q|JJ.D. 

Tep/(P I Q ( J2) = rep/{rep,‘P | rep,‘Q | rep.'P} 

= rep,‘{rep,‘P j i^p/ Jt | rep,‘Q} 

= rep«‘{rep,‘Q | rep,‘P | rep,‘P} 

Dem. 

h. *332*33.3 

h ; Hp . 3 . rep,‘(P 1 Q | P) = rep,‘{rep,‘P j rep,‘(Q | R)] 

[*332*33] =*rep,‘{rep,‘P|rep,‘(rep,‘Q|rep,‘P)} (1) 

[*332*36] = rep,‘ jrep/P j rep,*Q | rep,‘P} (2) 

l-.(l). *332*32. 3 

h : Hp . 3 . rep,‘(P | Q | P) = rep,‘{rep,‘P | rep,‘(rep/P 1 rep,‘Q)} 

[*332*36] = rep,‘{rep«‘P ] rep,‘P | rep,‘Qj (3) 

h . (1) . *332*33*32 . 3 

h : Hp . 3 . rep,‘(P | Q | P) = rep,‘[{rep*‘(r®P«‘Q I rep,‘P)} | rep,‘P] 
[*332*36] = rep,‘{rep,‘Q | rep,‘P | rep,‘P} (4) 

f*. (2). (3). (4). 3 H. Prop 

*332*41. h * e FM conx , L, M,N e ic^.O : 

rep.‘(Z I M) = rep,‘(Z \N). = .M=N 

Dem. 

h . *34*34 . 3 h : Hp . rep,‘(i | M) = rep,‘(X | N ) . 3 . 

L I rep,‘(i I M) = L | rep,‘(Zi | N ) . 

[*332*36] 3 . rep/(Pl L\M) = rep.‘(2 1 P i iV) . 

[*330*31] 3 . rep,‘ilf = rep.'iV . 

[*332*241] 3 . .af = P’ : 3 h . Prop 

*332*411. h i.KeFM conx.P, M, iVcAc, .3:rep,‘(JI/ 1 P) = rep«‘(J\r | L). = .M = N 
[*332*32*41] 

*332*42. h : « e FM conx . L,M e . Cn v‘rep,‘(Zi \M)=‘ rep,‘(Z | M) 

[*332*32*15] 

*332*43. :.Ke FM conx. L,M,N€k,.0: 

N — rep,‘(X 1 M) , = ,L — rep,‘(iV’ | M) . = .// = rep,‘(if | N ) . 

= .M= rep/(F j P) . = . if = rep,‘(P | F) 

Dem. 

h. *332*35. *330*41. 3 

h : Hp . iV = rep/(L | if ) . 3 . rep,‘(P i if UV) = rep,‘(J7 1 M ) . 

[*330*31] 3 . rep,‘Z/ = rep,‘(iV | M ) . 

[*332*241] 3 . Z = rep.‘(iV | ) . (1) 

[*332*32.*330*41] 3 . Z = rep/(M I N) (2) 

h . (1) . *330*41 . 3 h : Hp . Z = rep/(iV \M).'^.N= rep/(Z | if) (3) 
h.(l).(2).(3).3h.Prop 
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4332'44. h * e FM conx . L,M,Ne Xi.D : rep/(L \ M) = JV . = . i [ Jf G i\r 
[4i830'6.«3d2'24-31] 

«3S2‘46. h Hp#332'44 . D : rep,*(X j M) = N . = . rep,‘(X | | N) = I\'8*(1“k 

Dem. 

I- . «332'35 . 3 1- Hp . 3 ; rep«'(X | M) = j!V . 3 . rep,‘(X | Jf | JV) = rep,‘(iV | N) 
[*332-24.)if330-31] (1) 

I- . «l(332-36 . 3 h Hp . 3 ; rep«‘(X | if | ^T) = / [ a'Q"* . 3 . 

rep,‘[{rep/(X | if )} | if ] » J 8‘(1“k . 

[#332-31-43] 3 . rep.‘(Z f if) = rep.'if 

[*332-241] =JV (2) 

H . (1) . (2) . 3 h . Prop 

*332-46. Vuk€FM conx .X, ifex, .3:X|ifGi. = . L=^ M 
Dem, 

h . *330-43 611 . *332-243 . 3 
h : Hp . X| if GX. 3 . rep.‘(X| if) = J . 

[*332-43.*330-43] 3 . X = rep/AT 

[*332-241.*330-41] =J^ (1) 

h. *71-191. 3J-:Hp.X = .^. 3. X|ifG/ (2) 

h.(l).(2).3h.Prop 

*332'61. h ; X € FM conx . P,Qe k .0 . rep/(F 1 Q) =* Q 1 P 
Dem. 

I- . *331-24 . *332-32 . 3 h ; Hp . 3 . rep/(P | Q) = rep/(5 ] P) 

[*332-241] =Q|P!3h.Prop 

*332-62. l■:xePifconx.P,(2,P,S€x.3.rep,‘(P|§|P|^ = Q|,S|P|P 
Dem. 

h . *330-613 . *331-12-124 . 3 h ; Hp . 3 . a ! (P I Q) |(J2 1 ^) . 

[*332-33-51] 3.rep.‘(P|QlPlS)*rep,‘(Q|P|S|P) (1) 

l■.*330-561-611.3l■:Hp.3.alPl-SlPGQf4^lP|P.aI5lP|-S|P (2) 

h. *331-62 . 3h!Hp.3.Q|S|P|Pcx. (3) 

h . (1) . (2>. (3) . *332-24 .31-. Prop 
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«332‘63. h ; « e FMcoax .P,QeK.pe NO induct . D . rep,*(P | Qy =* P** [ 

JDem. 

I-. *330-624. Dh:Hp.D.al(^|Q>- (1) 

h. *33073. DH;Hp.D.(P|Q>‘eP*|(?' (2) 

h. *331-63. DI-rHp.D.PMQ^e*. (3) 

H . (1) . (2) . (3) . *332-24 .31-. Prop 

*332*61. H : * € FM conx . Le . rep«“Potid‘/i C *, 

Dem. 

h . *332-243 . *330*43 . 3 h : Hp . 3 . rep.‘(J [ G*L) e «. (1) 

h . *332*31 . 3 h ! Hp . M e Pot'i . rep,‘3lf e k, . 3 . rep,‘{£ ] rep*‘Jlf } e *, (2) 
h. *330-624. ■3h:Hp.AfePot‘i.3.a!il Jf (3) 

h. (2). (3). *332*33. 3 h : Hp (2) . 3 . rep.‘(i 1 Af ) e *. (4) 

h . (1) . (4) . Induct . 3 h . Prop 


*332*62. h : * e FM conx . A ~ e Pot'P . g I rep,‘P . 3 . 

rep/*Pot‘P C rep,"Pot*rep,‘P 


Dem. 

V . *332*242 . 3 h : Hp . 3 . rep,‘P *= rep,‘rep,‘P (1) 

I-. *332*22 . 3h:Hp.3.rep,‘Pe/*. (2) 

h. (2). *332*61. 3 

t- : Hp . Q € Pot'P . rep,‘Q e rep,“Pot‘rep,‘P . 3 . rep,‘Q e *, (3) 

I-. *91*36. 3h:Hp.QePot‘P.3.alP|Q (4) 


h . (2) . (3) . (4) . *332*33 . 3 h : Hp (3) . 3 . rep,‘(P | Q)= rep,*{rep,‘P | rep.'Qj . 
[Hp.*91*36] 3 . rep,‘(P | Q) e rep,“Pot*rep,‘P (5) 

H . (1) . (5) . Induct . 3 h . Prop 

*332*63. h ; Hp *332*62 . 3 . rep*"Pot‘P C 
Dem. 

h.*332*22.3l-:Hp.3.rep,‘Pe*. (1) 

t- . (1) . *332*62*61 . 3 I- . Prop 

*332*64. h ; « e FM conx . rep,“Pot*P C x, . 3 . rep,*‘Pot‘P C rep,“Pdt‘rep,‘P 
Dem. 

h. *331*26. *332*13. 3h:Hp.*~6l .3. A~ePot*P (1) 

h. *330*6. *331*12. 3 H : Hp . 3 . A ~ « rep.‘‘Pot*P (2) 

I- . (1) . (2) . *332*62 .31-: Hp . 1.3. rep,*‘Pot*P C rep,‘*Pot‘rep,*P (3). 

I-.*330*43.*331*22. 3l-:Hp.Kel.3.«;^t*(If«<a<*«)-K (4) 
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l-.(2).(4). *33212.DI-:Hp(4).D.PG/|‘s‘a“*. (6) 

[*332-24313.(4)] D . rep/P = / 1 s‘a“* (6) 

h - (6) . #301-3 . D h : Hp (4) . D . Pot'P = t‘P . 

[(6).#332-241] D.rep.“Pot‘P = t‘rep,‘rep,‘P (7) 

h . (3) . (7) . D h . Prop 


#332*65. h : A ~ € Pot'P . g ! rep/F . D . Pot'P C s‘Rl“Pot‘repK‘P 
Fern. 

h. #332-11. Df-:Hp.D.PGrep/P (1) 

h . (1) . D h : Hp . Q e Pot‘P . R e Pot‘rep«‘P .QGP.D.Q|PGP| rep,‘P (2) 
h . (1) . ( 2 ) . Induct . 3 h . Prop 

#332*66. t- : a ! rep,‘P . R e Pot‘rep,‘P . D . (gQ) ■ Q « Pot'P .QdR 
[Proof as in #332-65] 

#332*67. H ! * e FM conx . A ~ e Pot‘P . g ! rep*‘P . 3 . 

rep,“Pot‘rep,‘P = rep,“Pot‘P 


Fern. 

h . #332*242 . 3 h : Hp . 3 . rep«‘rep,‘P = rep,‘P (1) 

h. *332*66 . 3 h :. Hp . 3 ; Pc Pot‘rep«‘P . 3 . a ! P |P (2) 

h . #332*22 . 3 I- ; Hp . 3 . rep.'P e (3) 

h . (3) . #332*61 . 3 h :. Hp . 3 : P c Pot‘rep,‘P . 3 . rep,‘P c «•, (4) 

I-. (2). (3). (4). #332*33. 3 


h :. Hp . 3 : P c Pot‘rep,‘P . 3 . rep^Xrep.'P | rep«‘P) = rep,‘(P | rep,‘P) (5) 
I- . #332*33 . 3 h* : Hp . P e Pot‘rep,‘P . Q e Pot‘P . rep*‘P = rep,‘Q . 3 . 

rep,‘(Q I P) = rep,‘(rep,^P | rep,‘P) 

[(5)] =rep,‘(P|rep,‘P) (6) 

h . (6) . 3 h : Hp . P e Pot'repx'P . rep,‘P e rep«“Pot‘P . 3 . 

rep*‘(P I rep^'P) e rep,“Pot‘P (7) 
h . (1) . (7) . Induct .31-; Hp . 3 . rep,“Pot‘rep*‘P C rep,“Pot‘P (8) 

h . (8) . #332*62 . 3 h . Prop 

#33271. \-:>eeFM conx . L, M € K, . 

rep,“Pot‘(Z I M) = rep«“Pot‘rep,‘(Z | i/) 

Fern. 

h. #330*626 . 3h;Hp.3.A~ePot‘(P|JI/) 

1- . #332*31 . #330*6 . 3 h : Hp . 3 . g I rep,‘(i ] M) 

I-. (1). (2). #332*67. 3 H. Prop 


( 1 ) 

( 2 ) 
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«332-72. h : Hp *332-71 . D . rep,“Pot‘(2; \M)Ck, [*332-31-61-7l] 

*332*73. h : « e FM conx . L,M€ ic,.D , Pot‘(Z | M) C «‘Rl“Pot‘rep,‘(Z | M) 
[*332-65-31 .*330-626] 


* 332 - 74 . \-’.k€FM conx , L,M e K, . P e Pot'Jlf . D . 

rep,‘(Z I P) = rep,‘(P | L) = rep/(Z | rep,‘P) 

Dem. 

h. *330-627. *332-61-33.3 

h : Hp . D . rep«‘(Z | P) = rep.‘{Z | rep,‘P} (1) 

[*332-61-32] = rep,‘(rep«‘P | L] 

[*330-627.*332-61-33] =rep/(P|Z) (2) 

I- . (1) . (2) . 3 h . Prop 

* 332 - 75 . h Hp *332 74 . 3 . 3 ! rep/(Z | P) [*332-74-61-31 . *330 6] 


*332-8. h : * e FM conx . L,M eK^.^e NC ind . 3 . 

rep«‘(i ] M)i = rep,‘(Zf | M^) 

Dem. 

V . *332-243 . 3 

H : Hp . = 0 . 3 . rep,‘(£ | M)^ = Z [* = rep«‘(Z* | M^) (1) 

I- . *301-21 . *332-33 . *330626 . 3 
h : Hp . rep,‘(Z ! My = rep«‘(Z« | M) . 3 . 

rep,‘(Z i = rep/{Z^ \Mi\L\M] 

[*332-37] = rep,‘{Zf | rep/(il/f \L)\M] 

[*332-32-33] = rep/{Zf | rep/(I | M) | M] 

[*332-37] (2) 

h . (1) . (2) . Induct . 3 . Prop 


*332 81. I- : * e FM conx . i/, o- e NC ind — 1 ‘ 0 . Z e . 3 . 


rep,‘Z*’^''" = rep,‘(rep,‘Z‘') 

Dem. 

h . *301-23 .31-: Hp . rep^'Z"^*" = rep,‘(rep,‘Z'’)" . 3 . 

rep^'Z”’^'*''"''*** = rep,‘(Z''’'"' | Z*-) 

[*332-33] = repi'lCrep^'Z”)" | rep^'Z"} 

[*301-23] ' = rep.'trep.'Z”)"''’** ' (1) 

h. (1). Induct. 3 h. Prop 


<r 


^32*82. h : fce FM conx . v € NC ind - I'O . i, Jf e /c* - D . 

rep«‘(Z I My = rep,‘jrep,‘(Z | M)Y 

Dem. 

h . *332*33 .31-: Hp . rep,‘(Z | My = {rep«‘(Z | . 3 . 

rep,‘(Z I My*'^ = rep,‘[{rep,‘(Z | Jlf)}- 1 rep,‘(Z I )] 
[*301-23] =repK‘{rep/(Zl (1) 

I- . (1) . *113-621 . *301-2 . Induct .31-. Prop 



♦333. OPEN FAMILIES. 


Summary of ♦SSS. 

An “ open ” family is defined as one such that, if L is any member of 
which is not contained in identity, then every power of L is contained in 
diversity, i,e, ipo G J. We shall often have occasion, both in this number 
and later, to consider the class — RP/, and in later numbers we shall often 
have occasion to consider the class k — RP/. We therefore put 

♦333*01. /ra = if-Rl'/ Df 

♦333*011. = Df 

Thus consists of all members of k^, which are not contained in identity, 
i,e, (if K is a, connected family) all members of fc^ except The 

definition of an “open’' family is 

♦333*02. FMsLf^FMn;c[8^Fot^\QCRVJ} Df 

From the point of view of the application of ratio, the hypothesis that 
a family is open is very important. To begin with, it insures (♦333*18) 
that consists of “numerical” relations (cf. ♦300), so that if Le/c^^, we 
have Pot^Zr = fin^Z (♦333*15), and in virtue of ♦300*491, the existence of 
open families implies the axiom of infinity (♦SSS’lO). 

Again, in an open connected family, if Z, M are two difierent members 

of a:*, all the powers of L\M are contained in diversity, and therefore the 
representatives of these powers are members of ; that is, we have 

♦333*22. h :k€ FM ap conx . Z, ilf € • Z =j= Jlf . D . rep,c‘^Pot^(Z | M ) C 

It follows from this proposition that, with the above hypothesis, if a is 

any inductive cardinal other than 0, | is not contained in identity, and 
therefore ^ and rep^^^Z"^ + Hence by transposition we obtain 

the two propositions : 

♦333*41. h /c e FM ap conx . Z, Jlf e /c, . <r € NC ind — i^O . D ; 

repic^Z*^ *= rep^^jJf' . = . Z =» Jf 
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*333*42. h !. Hp *333*41 . D : Z*' - ilf- . = . i - if 
Hence we obtain 

*333*43. h Hp9ie333*41 .D:a!Z<^nif^. = .Z = if 

This proposition shows that in an open connected family, no two 
members of have the ratio 1/1 unless they are identical. Again it 
follows from *333*41 that if and if<^x*^ have the same representative, 
then Z^ and if®^ have the same representative, and vice versa, i,e, 

*333*44. h /ce FM ap conx . Z, if e /t* . p, <r, r e NC ind — t'O . D : 

rep^'Z^^*’’ = rep**if^>^*’’ . = . rep«‘2> = 

Hence we obtain two propositions which are vital for the application of 
ratio, namely : 

*333*47. h ^ e FM ap conx » L, M e <r e NC ind — . D : 

rep«'Z^ = rep« 'if' . = \ D' f\ 

*333*48. h /c € FM ap conx . L, M € . p, a.r e NC ind — t'O . D ; 

a ! i> A if®^ . = . a ! A if<^x«^ 

On comparing this last proposition with the definition of ratio (*303*01), 
it will be seen that, whether p is prime to a or not, Z has to M the ratio ajp 
when, and only when, a 1 ^ (by *333*47) when, and only when, 

rep,('Z^ = rep^c'if'. 

From *333*47 it follows also that, if if e if^ and if®^ will not have the 
same representative unless p = a (*333*51), i.e, 

*333*51. h #c € ZW ap conx . if e . p, cr e NC ind . D : 

rep«'if^ = repc'if*^ . = . p = <r 
From this it follows that no member of has any other ratio to itself 
than 1/1. Again, by *333*47*48*51, we have 

*333*53. h :k€ FMsip conx , L, M € n Mf* . n • 

fMX^<r=vx^p 

Hence if Z and if have the two ratios p/<r, fjLjvy we have p/<r = ya/i/ ; that 
is, no two members of have more than one ratio. 

The applications of ratio indicated in this summary will not be made till 
the following Section ; they are here mentioned in order to show the utility 
of the propositions of the present number. 

*333*01. k^^k-RVI Df 

*333*011. = (#r^)^ Df 

*333 02. Fif ap = Z’if A i {s'Pot"/c,a C R1 V} Df 
*333*03. FM ap conx == Z'if ap a FM conx Df 


25 
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#3331. \■:M€>c,s. = .{^_P,Q).P,QeK.M==P\Q.^l^^f^J. 

= .MeK..^lMAJ [(#33301011)] 

#333*101. H :.tceFM&p . = : KtFM : ,PePot‘M ."^jgp.PdJ : 

^ZKeFMiMeKs-OM.M^^dJ [(#333*02)] 

#333*11. hr/ceiWap.Ze/e.g.D.iG = A.Z + i.gli 

{#333*1*101] 

#333*12. h : K € FM a.p conx . g ! rep,‘P . g ! P A J . D . 

rep.'P e /e.9 . (rep.‘P)po G J 

Dem. 

1- . #332*11 . D H : Hp . D . g ! rep,‘P A J . 

[#332*22.#333*1] D . rep/P e k,^ (1) 

h . (1) . #333*101 . D H . Prop 

#333*13. h ; K e FM&p conx . g ! rep,‘P . g ! P A P . D . P^ G J 
Dem. 

h. #332*11. Dl-:Hp.D.PGiep/P (1) 

J- . (1) . #332*22 . D h : Hp . D . g ! (rep,‘P) A J . P^ G (rep,‘P)po . rep,‘P e «, . 
[#333*1] O.Pj„d (rep,‘P)po . rep,‘P e *.9 . 

[#333*101] 3 . Ppo G J : 3 h . Prop 

#333*14. h : * ePJfapconx . L,M€k, .L^M.^.(L\ 

Dem. 

I-. #330*626. 3 h : Hp . D . A~ePot‘(Z I Jf) (1) 

t- . #332*31 . #330*6 . 3 F : Hp . 3 . g ! rep,‘(A | M) (2) 

V . #332*46 . Transp . 3 h : Hp . 3 . g ! (L | M) A J (3) 

I- . (1) . (2) . (3) . #333*13 . 3 J- . Prop 

#333*16. H : AC e FM ap . Z € Ac,g . 3 . Pot'Z = fin‘Z = finid'Z — t‘Zo 
[#121*501. #333*1 1*101] 

#333*16. h : AC € FM&p conx . Z, Jf e ac, . Z =]= Jf . 3 . 

Pot‘(Z i M) = fin‘(Z I M) = finid‘(Z | M) - i‘(Z I M\ 
[#121*501 .#333*14] 

#333*17. I- : K € FM ap conx . g I rep,‘P . g ! P A J . 3 . 

Pot'P = fin'P = finid'P - t'P* [#121*501 . #333*13] 

#333*18. h : AcePif ap. 3 . AC, 9 C Rel nnui [#333*101 . #300*3] 

#33319. h:AcePJlfap-t‘i‘A.3.Infinax [#333*18 . #330*624 . #300*491] 
#333'2. h : g ! Pilf ap conx . 3 . Infin ax [#333*19 . #331*12] 
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j|t333'21. I- : * e FM ap conx . L e K^^ . rep,“Pot‘Z C /e,g 

Dem. 

H . *332'61 . D h : Hp . D . rep,“Pot‘£ C (1) 

h . *333101 . *330-624 . D h Hp . 3 : A ~ e Pot'Z . Pot‘i C RVJ ; 
[*33211.(1)] D; Me rep.“Pot‘i.D. a !J»f A J (2) 

h . (1) . (2) . *333-1 . D h . Prop 

*333-22. I- : « c FM ap conx . L, M e Kt. L^M . rep,“Pot‘(X | M) C 

Dem. 

H . *332 71 . D h : Hp . 3 . rep«“Pot‘(Z | M) = rep,“Pofe‘rep,‘(i | M) (1) 

h . *332-46-11-232-31 . D J- : Hp . D . rep/(i | M) e k,s (2) 

h . (1) . (2) . *333 21 . D h . Prop 

*333 23. I- : « e^'Mapconx . A~ePot‘P. a I rep.'P. a I P J .0 . 

rep.“Pot‘PC/e.g 

Dem. . 

I- . *332*62 . D h ; Hp . D . rep,“Pot‘P C rep«“Pot‘rep,‘P (1) 

^ . *332*11-22 . *333*1 . D I- ; Hp . D . rep,‘P e /r ,9 (2) 

H . (1) . (2) , *333-21 . D t- . Prop 

*333*24. h : k e FM conx . A~e Pot‘P . al rep.'P.v e NC ind . a ’• 

(v +c 1) A <“P . D . rep^'P' = rep,‘(rep«‘P)’' 


Dem. 

h . *301-2 . *332-243 . D h : Hp . D . rep.‘P“ = s‘a‘‘/e = rep,‘(rep,‘P)« (1) 

h . *332-63 . *330-6 . *301 16*22 . 0 

1- : Hp . P . rep^'P”, rep,‘P e . a ^ P’"*’'^ . (2) 

[*301-21. *332-33] P . rep/P-+'i = rep,‘{(rep,‘P') | rep,‘P} (3) 

I- . (2) . (3) . P h ; Hp . rep/P" = rep/(rep/P)'’ . P . 

rep,‘P-+«=» = rep,‘{rep«‘(rep«‘P)' I rep,‘Pj . 
rep.Xrep^'P)*-, rep/P e k, (4) 

h . (2) . *330-624 . *301*21 . P I- : Hp . P . a I (rep/P)- 1 rep/P (5) 

h . (4) . (5) . *332*33 . P h ; Hp (4) . P . rep,‘P-+'' = rep«‘{(rep,‘P)- 1 rep,‘P} 
[*301-21] ==rep/(rep/P)-+'i (6) 

H . (1) . (6) . Induct .PH. Prop 


A hypothesis equivalent to « NC ind . a ! (v +o 1) r* t“P is e Q‘ Pp t’‘P. 
It is sometimes convenient to substitute this for the other. 

*333*26. h : « € FM conx . L,M ex, .ueNC ind . a 1 («' +o I ) ^ • 

rep,‘(£ I My = rep,‘{rep,‘(i | M)j' 

h . *330-626 . *331-12 . P h ; Hp . P . A ~ e Pot‘(Z; 1 JIf ) (1) 

I- . *332-31 . *330-6 . P h : Hp . P . a ! rep/(P \ M) (2) 

I- . (1) . (2) . *333*24 . P h . Prop 


Dem. 
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*333‘32. h ; /e € FM conx .L,M eK^.p,<r€ (I‘( U ^ ^‘L) . D . g ! Xi<* | M” 
Bern. . 


I-. *330-61. *301 -2 

.31-: Hp . 3 . a 1 £“ j if* 

(1) 

h . *330-623 . 

3 h ; . Hp . 3 : /S e « . 3s . /S 1 i> 1 if ' G i> 1 if' 1 -S : 

(2) 

[*330-622] 

3:a!J>|if'.3.aS^+'M^' 

(3) 

1- . (2) . *330-621 . 

3h:.Hp.3:ali>|if'.3-aJ£'l^'+'* 

(4) 

h . (1) . (3) . (4) . Induct . 3 h . Prop 



j|t333'33. I" ; <c 6 FAI conx . L, M e ic, . a e f'X) . 0 . 

rep,‘(i' I if') = rep*‘(i ] if)' 

Bern. 

h. *333'32. *332-243. D 

I- : Hp . D . rep/(Z<« | if») = / [ s‘a“/e = rep,‘(Z j if )» (1) 

h. *332-37. *301 -21.3 

1- : Hp . D . rep«‘(Z'+'* j if'+'') = rep«‘{rep,‘(Zf' ] if') | rep«‘i | rep,‘if } (2) 

h . (2) . D I- ; Hp . rep,‘(Z' | if') = rep,‘(Z< | if)' . D . 

i-ep«‘(£'+** I if'+‘*) = rep,'{rep,‘(Z | if)' j rep«‘i | rep, ‘if} (3) 
h. (3). *333-32. *332-37.3 

h : Hp (3) . 3 . rep,‘(i'-*-«' | if'+«‘) = rep,‘{(Z \My\L\M] 

[*301-21] = rep,‘(£ i if )'+■” (4) 

h . (1) . (4) . Induct . 3 h . Prop 

*333-34. h : Hp*333-33 . 3 . rep,‘(£'| if') = rep,‘}rep,‘(Z|if))'=rep,‘(i|if)' 
Bern. 

I- . *330-626-6 . *332-31 . 3 

h : Hp . 3 . A ~ € Pot‘(Xr I if) . a ! rep,‘(£ | if) (1) 

h . (1) . *333-24 . 3 H : Hp . 3 . rep,‘{rep,‘(£ j if)}' = rep/(L | if)' (2) 
H. (2). *333-33. 3 h. Prop 

*333-41. I- « e FM ap conx .L,MeK,.<re NC ind — 1‘0 . 3 : 

lepyB' = rep, ‘if' . = .L = M 

Bern. 

h . *333-34-22-2 .31-; Hp rep,‘(£'| if") e K^^. 

[*333-21-32.*332-33] 3 . rep,‘{rep,‘X' | rep,‘if"} e K^Q . 

[*332’44.Tran8p] 3 . ~ {rep,‘£" \ rep,‘if" G / [ «‘Q“«} . 

[*332-15-46.Tran8p] 3 . rep,‘£'=)= rep,‘if" (1) 

I- . (1) . Transp .31-. Prop 

*333-42. h;.Hp*333-41.3;£'-if'. = .£»if [*333-41] 
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K*333-43. t- Hp #338-41 hM<' . = .L = M 

Dem. 

H .#333-21 .#332-26 . D K : Hp . g I Z" A M' . D . rep,*Z' = rep,‘ilf' . 

[#333-41] D.Z=.JIf (1) 

h.(l). #330-624. Dh. Prop 

#333-44. !-;.*€ FM ap conx . Z, if e . p, <r, t e NC ind — i‘0 . D : 

rep,‘Z'*^'' = . = . rep,‘Z* = rep,*if" 

Dem. 

I-. #301 -5. #333 24. D 

!■ :. Hp . D : rep,‘Z<*^«' = rep*‘Jlf'^'^ . = . rep, ‘(rep, ‘Z**)^ = rep,‘(rep,‘Jf")^ . 
[#333-41-21] = . rep,'//* = rep,‘Jlf" ;. D 1- . Prop 

#333-46. h : . Hp #333-44 . D : . D . rep,‘Z> = rep,‘ Jf' [#333-44] 

#333-46. h :. Hp #333-44 . D : 3 ! Z^^'» f\ . D . rep,‘Z<> = rep,‘J/' 

Dem. 

h. #332-26. #333-21. D 

H : Hp . g ! h . D . rep,‘Z'‘*‘'’’ = rep,‘Jlf'^‘^ (1) 

h . (1) . #333-44 . D h . Prop • 

#333-47. h :. * e FM&p conx . Z, if e . p, o- e NC ind — 1‘0 . D ; 

rep,‘Z<* = rep,‘if' . = . g ! Z** <S if®^ 

Dem. 

h . #333-46 .31-; Hp . g ! Z^ n if® . D . rep,‘Z<* = rep,‘if® (1) 

h. #332-63. #72-92.3 

l-:Hp.P,Q,iJ,/Se*.Z = P|Q.if=.R|S.3.i> = (P-'|(3o)|‘a‘Zo. 

if® = (ii® I S') Q'if® . rep,‘Zo = P^\Qe . rep,‘if® — R'\S' (2) 
h . (2) . #35-14 . 3 

h : Hp (2) . rep,‘Z' = rep,‘if® . 3 . Z' A if® = (Po | (^) I" (H'Z^ n Q'if®) . 
[#330-72] 3 . g ! Z^ A if® (3) 

h.(l).(3).3l-.Prop 


#333-43. h :. * c FM ap conx . Z, if e . p, «r, t e NC ind — 1‘0 . 3 ; 

g ! Z* A if® . = . g ! Zpx«^ A if®xcr 


Dem. 

V . #333-46 . 3 h : Hp . g ! Z<> A if® . 3 . rep,‘Z<’ = rep,‘if® (1) 

h . #330-624 . #332-61 . 3 h : Hp . 3 . A ~ e Pot'Z" . g I rep,‘Z'’ . 

[#333-24] 3 . rep,‘Z>’X'® = rep,‘(rep,‘Z'*)^ (2) 

Similarly 1- : Hp . 3 . rep,‘if®x«® = rep, ‘(rep, ‘if®)® (3) 

h . (1) . (2) . (3) . 3 1- ; Hp . g ! Z<* A if® . 3 . rep,‘ 2 /‘XcT „ rep,‘if®^«® . 

[#333-47] 3.g!Z<»>‘'®Aif®x'® (4) 

h . #333-46-47 . 3 1- : Hp . g ! Z^x.t ^ jf^xer . 3 . g j i> a if® (5) 

h.(4).(5).3h.Prop 
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¥333*49. I" : « € FM ap conx . i, e . p, o- e NC ind - 1‘0 . rep,'!/ = rep«‘i/' . 

0.TJ‘[ a‘3f' = if' t a‘Lo . (D‘i/') 1 i/ = (D‘Zo) 1 if' 

Dem. 

I- .#333*21 .#330*6 . D h : Hp . 3 . g ! rep,‘i> . 

[#332*11] D.i>Grep/i>>. 

[#72*92] 0 .1/ = {rep/L‘)[a‘L> (1) 

Similarly h ; Hp . D . if' = (rep«‘if') |" Q‘if' . 

[Hp] D . if' = (rep.‘i>) [ H'if' (2) 

1-.(1).(2).3 h ; Hp . D . /> a‘if' = (rep/i>) n Q'if') = if' [ (1*1/ (3) 

Similarly t- : Hp . D . (D‘i/') ] i> = (D*!/) ] if' (4) 

I- . (3) . (4) . D 1- . Prop 

#333*5. I- ;. K € FM ap conx . P,Qe k . a e NC ind — 1‘0 . D ; 

P'=(2'. = .a!P'A(2'. = .P=Q [#333*42*43 . #331*24] 

#333*61. [•;.«€ FM ap conx . M e . p, a e NC ind . D : 

rep« ‘if** = rep,‘i/' . = , p = a- 

Dem. 

I- . #333*47 . D h :. Hp . rep.'iP = rep, ‘if' . D ; g ! if<> a if' : 

[#301*23.#120*41 2*416] D ; p > <r . 3 . g I if<-'' a I . 

[#333*101] 3.p = (r (1) 

Similarly h :. Hp (1) . 3 : cr^p . 3 . p = cr (2) 

h . (1) . (2) . 3 h . Prop 

*333*62. l-;.Hp #333*51 .3:ifo = i/'. = .p = <r [#333*51] 

#333*63. I- : /c e Pif ap conx . L, if e *,9 . g ! Z' a if? . g 1 Z** a if** . 3 . 

pXg<T = V x,p 

Dem. 

I- . #333*48 . #301*16 .31-: Hp . 3 . g I a iP^'p . g j Z"’^'*’ a ifp’^'p . 
[#333*47] 3 . rep,‘Z'*^'' = rep,‘if'‘’‘''* = rep,‘Z‘'^'=p . 

[#333*51] 3.pXo<r = :/X5p:31'. Prop 



*331 SERIAL FAMILIES. 


Summary of *834. 

The purpose of the present number is to consider what properties of 
a family k will insure that is serial, or has one or more of the properties 
characteristic of serial relations. Suppose, for example, that k consists of dis- 
tances on a line. Then consists of those distances which are members, of k 
and are not zero. Any selection of distances on the line may constitute /c; thus 
e.g. K may consist of all distances which are integral multiples of a given distance, 
or of all which are rational multiples of a given distance, or of all distances 
from left to right, or of all distances on the line in either direction. It is 
plain to begin with that if s^/c^ is to be serial, tc must not contain equal 
distances in opposite directions, since if it does, will not be contained 

in diversity, i,e, will not be asymmetrical. We call a family k asym- 
metrical when no member of has a converse which is also a member of 
The definition is 

*334 05. FM asym = FM n ^ (/c n Cnv*^^ C Rl^/) Df 

It will be observed that QJ in any connected family, by *331*23. If 
K € FM asym, we have also (s^KdY ^ 

In order to secure that shall be transitive, we require that the field of 
K should contain at least one transitive point,*' where a “ transitive point ** 
means a point a such that any point which can be reached from a by two 
successive non-zero steps can also be reached by one non-zero step, i.e. such 
that 

(s^K^y^s^Kfa C 

The definition of transitive points is 

*334*01. trs^/e = s^Q^^k a a {(s^K^y^s^Kfa C Df 

Thus if a is a transitive point, and It,S€/c^, there is always a member of 
tc^, say T, such that R*8^a = T^a, It will be seen that if is a connected 
family, the existence of a transitive point implies that the family is asym- 
metrical. Again, if there is a transitive point in a connected family, then 
R,S€KpiMD nRlSeK^ithy *331*32 ; hence is a group. The converse also 
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holds, i.e, if le^ is a group, any member s^d^^ic is a transitive point (*334*11). 
Hence if there is any transitive point, every point of is a transitive 

point. 

The definition of a transitive family is 
*334*02. ^’lftrs*J’Jfn«(a!trs‘/f) Df 

By what has just been said, a connected transitive family is one in which 
is a group, i.e. 

*334*13. h ic 6 FJfconx . D : ic € FM trs . = . s^ic^ C 

jt 

A connected family is transitive when, and only when, is a transitive 
relation, i.e. 

*334*14. h /c € FM conx . D : ic c FM trs . = . s'icg e trans 

In order to secure that shall be a connected relation, it is not enough 
that tc should be an FMconx, i.e. that s^d^^tc should have at least one con- 
nected point. We require that every point of s^d^^K should be a connected 
point. This will be secured if there is a connected point which belongs to 
the field of every member of ic*, t.c. if 

a ! conx^#c 

For suppose a e conx^ic n Then if X e either L^a or L^a exists, and 

is of the form R^a or R^a, where Re/c, Hence, by *331*32, L is identical 

SJ 

with R or with R\ hence = ^ w Cnv^^^. Hence by *331*4, s^K^e connex. 
Conversely, if kcFM conx and connex, it follows from *33132 that 
ie^=^K\jCnv*^K\ hence and therefore we have glconx^/cnp^C^^Afc 
Hence putting 

*334*03. jPif connex = FM n 5 (g ! conx^/c n p^C^^K,) Df 

where "FJlfconnex means “families having connexity,’* we have 

*334*26. h kcFM conx .3:^6 FJf connex . = . e connex . 

= Cnv“#c . = . C^^iCt = d^^/c 

and 

*334*27. h % FM connex = FM n Ic (s^d^^K == conx‘#c . k + t^A) 

I,e. a family having connexity is one whose field consists wholly of connected 
points and is not null. 

We thus secure ( 1 ) G J by the hypothesis k e FM conx, ( 2 ) e trans 
by the hypothesis k e FM conx n FM trs, (3) s^/e^e connex by the hypothesis 
A cjFAf connex (which implies kcFM conx). Hence we secure s^/f 0 €Ser by 
the hypothesis k eFM ire rsFM connex. When this hypothesis is fulfilled, 
we call K a “serial” family ; thus we put 
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^334*04. FM sr = FM trs n FM coniiex Df 
and we have 

^334*3. h : K€ FM sr . D . e Ser 

¥334*3jL. h :.K€ FM . I [ s^d^^fc e/c : fce FM sr . = . e Ser — i^K 

An important special case, which is briefly considered in this number, is 
the case when the domains of members of k are the same as their converse 
domains, i.e, when 

This case is illustrated, e.g. by the family whose members are all relations of 
the form (+^ A) [) where XeC^H'. It is also illustrated by cyclic 

families, which are considered in the next Section but one. When 
if ye is a family, so is ye u Cnv^^« (3|t334*4), and if ye is a connected family, so is 
ye Cnv^^/c (*334*41). In the case of the above family, whose members are 
(-\-gX)l G^Hg where XeC^H', yeuCnv^ye will consist of all relations 
(+g G^Hg where X e G^Hg^ i.e. it will consist of all additions of positive 
or negative ratios to positive or negative ratios. 

A connected family in which D^^ye = Q“ye is a family having con- 
nexity, ie, 

*334*42. : fc€ FM conx . D^^ye = Q^^ye .k€ FM connex 

The definitions and propositions of this number are much used through- 
out the remainder of Part VI. 


*334*01. trs^yt = s^Q^^yc n a {{s^K^Y^s^Kd^a C s^K^^a] Df 

*334*02. FM trs = FM n ^ (g ! trs^/c) Df 

*334*03. FM connex = FM n ye (g ! conx^ye n p*G*^K^) Df 

*334*04 FM sr = FM trs n FM connex Df 

*334*06. FM &sym = n J (/c n Cnv^^ye C RP/) Df 

*334*09. h : fce FM conx . D . G J [*331*23] 

*3341. b :: kcFM . D ae trs^yc . = : 


a € : iJ, fif e ycg . . (g^) .Tck^. R^S^a = T^a [(*334*01)] 

*334*11. b yc 6 FM conx . D : a e trsV . = . a e C 

Dem, 

b . *331*33*24 . D b : Hp . lS:,yS€yea . D - | yS eye, (1) 

b.(l).*331*32.Db:Hp.reyca.i2^yS^a = ra.D.jB|yg=T (2) 

b.(2).*334T. Dbr-.Hp.D:. 

a € trs^ye . = : a e : R,8 e .D • T c . R\ S=^ T : 

[*13*195] = : a € : iJ, S € - Djj 5 . i2 1 yS e yc^ :: D b . Prop 

R. & w. HI. 
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^334*12. h /c e jPil/conx . a, x, e . D ; 

a € trs^/c . = . it*€ tis^/c . = . C /c^ [^Ie334’ll] 

ff 

^334*13. h fc€ FM coux . D : /c e FM trs . = . s^fc^ C 
[*334‘12 . ^331*12 . (*334 02)] 


*334*131. h : /c e FM conx n FM trs. Re • Pot^JJ C [*334‘13 . Induct] 

*334*132. h : /c€ JPil/conx A trs . 3 . C /c [*334*131] 

*334*14. h K€ FM conx . D : /c € FM trs - = . s^fc^ € trans 
Dem, 


t- . *41*51 . *334*13 . 3 h Hp . 3 : /c 6 trs . 3 . G s‘k'^ (1) 

h . *330*52 . 31“:: Hp . 3 :. s^fc^ e trans - 3 : 

R,S € kq .xes^G.^^K . ( 3 ^) • Te R^S^x=^ T^x . 

[*331*31*33*24] (gT) . Te . iJ ! ;S = T . 

[*13*195] :>R^s,.-R\SeK^, (2) 

h . (2) . *331*12 . 3 f- :: Hp . 3 :. e trans . 3 : jR, S e /c^ . 3jj 5 - R\8eK^i 

[*334*13] 3 :^ei^il/trs (3) 

h . ( 1 ) . (3) . 3 I" . Prop 


*334*16. h : /c € FM conx n FM trs • 3 . | = /c 


Dem. 

9> 


h. *331-321 22. 

3 h :. Hp .iJe/c — A:0.3:JR = /f‘ 5 ‘Q^^a: : 


[*50-62-63] 

0:SeK.D.R\S,S\R€K 

(1) 

1- . (1) . *334-13 . 

3 h : Hp .0 . s^fc^^K C K 

(2) 

f- . *331-22 . *50-62-63 . D h ; Hp . D . /c C s‘« 1 “« 

f'l 

(3) 


h - (2) . (3) . 3 h . Prop 

*334*16. h : /c 6 FM conx n FM trs . i2 € . 3 . R^ G J [*334*131*09] 


*334*161. \r i Ke FM conx n FM trs . iJ e - a e - 3 . i2^^a e No 
[*334*16. *123*191] 

*334*162. I" : a ! FM conx n trs — 1 - 3 . Infin ax [*334*161] 

*334*17. VifceFM conx n 1 . 3 . a:^ = A [*331*22] 

*334*18. h : /ce FM conx — 1.3. . g ! •d’ 

Dem, 

V . *331*22*321 . 3 h :. Hp . 3 : a ! : 

[*330*52] 3 : a 6 . 3 . (gJK) . E e ^ ■ 

[*40*4] 3.aes^a^^A9. (1) 

[*41*45] 3.a6W>^^ (2) 

h.(l). (2). *331*12. 31“. Prop 
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*334-19. V'.KeFM.'^. C‘s‘k-^ C s‘a“* [*41 -45 . *330-52] 

*334*2. 1“ AC € FM . D a €p‘0“K , . = i/ e . Dx, : E I L‘a . v . E ! L‘a 

[*330-52] 

*334*21. h : AC € FM connex . D . «, = * u Cnv“Ac 
Dem. 

h .*334*2 . *331*11 . D I- Hp . a econx‘Ac . Xcac. . D : 

(giZ) : iZ € AC u Cnv“« : L‘a = iZ‘a . v . L‘a — R‘a : 

[*331*42*24] D:(aiZ):iZeAcoCnv“Ac:i = iZ.v.l = iZ (1) 

h . (1) . *331*24 . 3 h . Prop 

*334*22. 1- : AC € /’if connex . 3 .p‘C“/et = s‘Q!“/e [*334*21 . *330*52] 

*334*23. h : iceFM connex . 3 . conx‘/«: = s‘G“k [*334*21 . *331*4] 

*334*24. h: AC eJfif connex . 3 . s^/c^ e connex 
Bern, 

h. *334-21. *331*4.3 

h :. Hp .x.y € (gii) iReK^i xRy . v . yRx :. 3 h . Prop 

*334*25. I- : /f 6 FM connex . 3 . G^^K^ = [*334*21 . *330*52] 

*334*251. h : K€ FM — Cuy^^k . 3 . 

Dem. 

h . *40*18 . *33‘22 . 3 h : Hp . 3 . (1) 

I" . (1) . *330*52 . 3 h . Prop 

*334*252. : K€ FM conx . e connex . 3 . = /c w Cnv^ V 

Dem. 

h . *41*11 . 3 h : Hp .Lck^.x — Uy . 3 . (gi?) • Re fc\j Cnv^^ fc . xRy . 
[*331*42*24] ^.LeK^j Cnv^^/c (1) 

h . (1) . *330*6 . *331*12 . 3 h . Prop 

*334*253. f- : /c e FM conx . = d^^K . 3 . /c e FM connex 

Dem. 

V . *330*52 . 3 h : Hp . 3 . p^C^^K = s^d^^K . 

[*331"1] 3 . a Xp^G^^K^ n conx^/c : 3 h . Prop 

*334*26. h :. /c € FM conx . 3 : /c e .FJf connex . = . e connex . 

= . /c. = /c u Cnv^'i^ . = . G^^k, = d^^K [*334*21*24*25*251*252*253] 

*334*27. h . connex = FM a k (s^d^^ic = conx^/c . tc 4= i^K) 

Dem. 

h . *331*1 . 3 h : /c € FM . k 4= i^K • 8*d**K = conx^/c . 3 • e connex . 

[*334*26.(*331*02)] D.KeFM connex (1) 

h . *334*23 . (*334*03) . 3 I" : € FM connex . 3 . s^d^^/c - coxix^k . k 4= t^A (2) 
h.(l).(2).3h.Prop 
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^334*3. V i K€ FM sr . D . e Scr 

Dem, 


1- . #334-09 . 3 h ; Hp . 3 . s‘*a C J 

(1) 

h . # 334 - 14 .31-: Hp . 3 . s‘Kg e trans 

(2) 

h . #334 24 . 3 f- : Hp . !) . s‘*g e connex 

(3) 

|-.(1).(2).(3). 3h.Prop 



^334*31. h kcFM . I c/c . D : KeFMsr , = . s^/c^eSer — t^A 

Dem. 

h . *41*11 . D h Hp . 5^0 € Ser — t^A . D : 

x,ye s‘0[“/c . 3*. y • (g-B) .Re k .x{R<a R)y. 
[#331'11] D : s‘Q“/c = conx‘/e (1) 

h . (1) . «334'14‘26 . D I- : Hp (1) . 3 . k e FM trs . /c e FM connex (2) 

h . (2) . #334-3 . #331-12 . D h . Prop 

#334-32. V.FMbxCFM&^ [#33416-21 . #333101] 

#334-4. V-.xeFM. D‘^* = a“/« . 3 . « w Cnv“* e FM 
Dem. 

H. #33-2-21. D H : Hp . D . D“(* w Cnv“*) = C[“(ac w Cnv“/e) = Q"* (1) 

h. #330-561. 3 h ;.Hp. 3 :i2, fife*. D.^|/S=,S|.B (2) 

f- . (1) . (2) . #330-62 . 3 h . Prop 

# 334 - 41 . h : * e FM conx . D“/c = Q[“* . 3 . * w Cnv*'* e FM conx 
[#334-4. #331 -11] 

# 334 - 42 . h : * e FM conx . D“* = Q“* . 3 . * e FM connex 
Dem. 

h .#37-323 . 3 1- ;. Hp . 3 : iJ,fie*. 3 . a‘(.B|fi) = Q'fi: 

[#330-4] 3:(7“*. = a“* (1) 

h.(l). #334-26.31-. Prop 

# 334 - 43 . h : * e FM Qonx n FM trs . D‘** = CI“* . 3 . * e FM sr 
[#334-42. (#334-04)] 

# 334 - 44 . h : * e FM conx . D“* = H“* . X e *. . 3 . D‘X = (l‘L = C*L = 

Dem. 

I- '. #37-323 . 3 1- : Hp . i2, fi e * . 3 . a‘(.R I fi) = a‘fi : 3 h . Prop 
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*334‘45. I" ; * € FM conx . D“« = . L,MeKt.'^ . (I‘(Z | ilf ) = s‘(I“« 

[*334-44] 

*334-461. K : Hp *334-44 . <Sf e Pot‘X . D . D‘S = Q'S = C‘S = 8*0“* [*334 44] 

*334-46. .M,N e L\M h N . = . L\M= N 

[*334-45. *331-45] 

*334-6. h : K e FM conx n FM as 3 rm . D . (s‘K^y G J 

Bern. 

I-. *332-46. 0\-:Ef.R,SeK.R\8<iI.'^.R = 8. 

[(*334-05)] ^.R = I\-8‘a‘*K (1) 

1- . (1) . Transp .31-:. Hp . 3 : jR, S e /eg . 3 . ~ (i? | iS G /) . 

[*331-33-23] 3.E|-SfGJ‘:.3h. Prop 



^1^336. INITIAL FAMILIES. 


Summary of ^335. 

A family of vectors may or may not have a point in its field which is a 
starting-point but not an end-point of non-zero vectors. For example, the 
family of which a member is (-h, X) ^ C^H\ where X e C^H\ has such a point 
in its field, namely but the family of which a member is (4-« X) ^ 
where X e C*H\ has no such point in its field, and no more has the family of 
which a member is (-f^ X) ^ G*Hg, where X e G*H\ If such a point exists, it 
is a member of s^GL^^k but not of Such a point, if it is also a con- 

nected point, must be unique, we have 

^335*12. b : € FM . D . conx^/c — D“AC3e0wl 

When conx^/c — exists, we call its only member ** the initial point 
of k!' putting 

9i^335’01. init^AT = t^(conx^/c — 8^T>^^k^) Df 

If the initial point of k exists, we call k an initial family ; thus we put 
^335 02. FM init = FM r\ Q^init Df 


An initial family is asymmetrical (*33516) and transitive (*33518), and 
forms a group (*33517); and if its initial point is a member of it is a 

serial family (*335’3). 


«335*01. 

init^/c = t^(conx^/c — Df 


«33502. 

FM init = FM r\ a'init Df 


¥33611. 

Dem. 

— > 

4- 

t- : * e FM . a e conx'/c — «‘D‘*Acg . D . s‘(I“/e = »‘«‘a . t‘a 

1 ^ — 

= s^K^a 


h . *41-43 . *33-4 . D h : Hp . D . = A 

(1) 


I" . *331-23-22 . D I- : Hp . D . s‘*‘a = 8*K^‘a u i‘a 

(2) 


V . *331-1-23-22 . D H : Hp . D . 8‘a“*r = i^‘a w 5^a‘a 

1- . (1) . (2) . (3) . D h . Prop 

(3) 
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^33612. h : /c € FM . D . conx^/c — € 0 u 1 

Dem. 

h . *336'11 . D h : Hp ,a,h e conx^/c — . 3 . 6 e . 

4 — 

[3|632*182] D . a € . 

[*335*11] 3 . a = 6 : D h . Prop 

*335*13. h K € FM . 3 : E ! init'/c . = . g ! conx**^/^ — 

[*335*12 . (*335*01)] 

*335*14. h : tc€ FM \n\i . = . /ceFilf . g ! conx^/c— [*335*13. (*335*02)] 

*335*15. h : K€ FM init . 3 . = s^K^init^K [*335*11 .(*335*01)] 

*335*16. h . jPilf init C FM asym 
Dem. 

h . *335*14 . 3 h :. KeFMimi . 3 : 

(ga) : a € s^Q^^fc zRetc .ae . 3jj . ii € Rl^/ (1) 
h . *330*52 . 3 h : /c € FM . a e . Re k f\ Cnv^^/e . 3 . a 6 (2) 

h . (1) . (2) . 3 h :. /€ € i^Jkr init .D: Retcn Cuw^^k . -ReRVI: 

[(*334*05)] 3 : /reFilf asym :. 3 h . Prop 

*335*17. :/c€ FM init . 3 . s'/r \^^/c = k 

93 

Dem. 

h • *335*15 . 3 h :. Hp . 3 : i2, /S e a: . 3 . (g^T) *Te k . R^S^inWK = T^init^/c . 


[*331*24*33*32] 3 . (g^) .TeK.R\8^T. 

[*13*195] 3.jB|^e/c (1) 

h . *331*22 . 3 h : Hp . 3 . /c C | (2) 

h . ( 1 ) . ( 2 ) . 3 h . Prop 

*335*18. h . FM init C FM trs 
Dem. 

h. *335*17. 3 h :. ^ e jPilf init . 3 : jB, e/c 0 . 3 . jB I Se ic ( 1 ) 

h . *334*5 . *335*16 . 3 h :. a: e FM init . 3 : iJ, S e #C 0 . 3 . iJ | <S G t/ ( 2 , 

h . (1). (2). *330*551. 3 h :. e-Filf init . 3 zR.Se/c^ . 3 . ii | Se (3) 

h . (3) . *334*13 . 3 h . Prop 

*335*19. h K€ FM init . 3 : /c € FM connex . = . init^^ ep^C^^tc^ 

[*334*23 . (*334*03 . *335*02*01)] 


*335*21. h : /c € jFWinit . 3 . e trans . {s^tc^Y G J [* 335*1816 . * 334 * 14 * 5 ] 

*335*22. h : . /r e FM init . 3 : e connex . = . == d^^K . = . init^/r ep^C^^/c^ 

[* 334 * 26 . * 33519 ] 
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jK336'23. H K € FM init n FM coonex . Z e iic,0 . D : 

€ D‘Z . = . init'* ~ e (I‘Z 


Dem. 

h . *335'19 . D h Hp . D : init‘/c e D‘Z . v . init'/c e 0[‘Z (1) 

h . «334'21 . D t- : Hp . D . Z £ /cg w Cnv“«g (2) 

. )K335'11 . D I- Hp . 3 : Z exg . D . init'/e^eD'Z ; 

Z e Cnv“/cg . 3 . init'* ~ e C[‘Z (3) 

h . (2) . (3) . 3 H Hp . 3 : init‘/< ~ e D‘Z . v . init‘* »>» e H‘Z (4) 

!■ . (1) . (4) . #517 .31-. Prop 


#336'24. !-:.*£ FM init n FM connex .R,SeK.B^S.O: 


Dem. 

I- . *71162 . 3 h Hp . 3 : € D*S 

[#3331. #335-23] 

[#71-162] 


iJ'init'* e D'S . = . /S'init'/c e D‘jB 

= . init‘« € Q‘(jSi I R ) . 

= . ~ e D‘(/S | R ) . 

= . (S'init'K ~ € D‘iJ ;. 3 I- . Prop 


#335-25. [-::.«£ FM init . 3 s‘/cg € connex . = ;. 

E, >S £ . 3jj.s : D‘ie C D'iS . V . D‘/S C D‘i? ;. 
= :.a,l3e D*'* . 3.,^ : o C /9 . v . )8 C a 

Dem, 

h . #202135 . 3 h :: Hp . s'/cg £ connex . 3 :. s‘k e connex :. 

[#211-6.#3.30-542] 3 ;. «,«£* . 3 : D‘i2 CD'fif . v . D‘/SrC D‘i2 (1) 

h . #71-162 . 3 h : Hp . iZ‘init‘/e £ . 3 . initV £ a‘(.R | S) (2) 

H . #71-162 . 3 f- : Hp . /S‘init‘/e e D‘J2 . 3 . init‘« £ D‘(i? | S) (3) 

I- . (2),. (3) . 3 h :. Hp . i2,<Sf£/r : D‘RCD‘8 .v .I>‘S CD*R : 3 . 

init‘/c£C?‘(.B|-S) (4) 

h . (4) . #330-4 . 3 H :: Hp :. S £ /c . 3 b.s : D‘iJ C D‘/Sf . V . D‘/S C D‘i2 ;. 3 . 

init'/e ep‘0“K, . 

[#335-22] 3 . s‘«g £ connex (5) 

h. (1). (5). #37-63. 3 h. Prop 

#335-26. H : * £ JW init n ^*3/ connex .3.D[‘/c£l-#l 
Dem. 

h . # 33-43 . 3 1- : Hp .RySeK. i2‘init*« ~ e D‘S . 3 . D‘12 4= D'fS (1) 

V . #335-24 . 3 h : Hp .R,8eK.R^S. /?‘init‘/c e D‘/S'. 3 . /S‘init'/e ~ e D‘J2 . 
[#33-4.3] 3.D‘i2 + D‘S (2) 

h . (1). (2) . 3 h : Hp . i2,5f£/e. + 3. D‘ie + D'<S: 3 h . Prop 

#335-3. I- ; « £.Filf. iriit‘«£p‘C“/c, . 3 .«‘ACg£Ser [#3.35-21-22] 



*336. THE SERIES OE VECTORS. 


Summary of * 336 . 

In this number we consider a relation between members of k or of 
which, with suitable limitations as to the nature of the family, may be 
identified with the relation of greater and less. If there is a member of k 
which takes us from a point 2 ^ to a point y, i.e. if y z, we say that z is an 
earlier point than y\ thus we regard as the relation of later to earlier. 
If now M and N are two members of /c*, and if, for some ic, M^x is later than 
N^Xy we shall say that M is “greater’* than N with respect to k. This 
relation we denote by F« , where “ V** is intended to suggest that the relation 
holds between vectors. The definition is : 

*33601. V,^MN{MyN€Kr. (a^) • 

For the same relation when confined to members of /e, we use the notation 
?7 k ; thus we put 

*336011. Df 

In dealing with and iJ* it is desirable to be able to express M^x as a 
function of M, We wish to consider (say) a fixed origin a, and the various 
points JR* a, S^a, T*ay ... to which the various vectors which are members of k 
carry us from a. For this purpose we put 

R*a = Aa^Ry 

where “ A ” stands for “ argument,” and “ A^R ” may be read “ the value, 
for the argument a, of ii.” The definition is 

Aa — ^R{i^Ro) 

whence we obtain 

*336101. h : E ! iJ'a . D . JR^a = Aa^R 

Then the points B^a, S% T% . . ., where B, S, T, . . . are the various members 

of fCy form the class Aa*Ky which is thus the same class as s*K*a, The relation 
Aa\ fc correlates the point R*a with the vector B. The vector B is analogous 
to the coordinate of R*a when a is the origin ; thus 4a T ^ is analogous to 
the relation of a point to its coordinate. A relation which is more exactly 
that of a point to its coordinate will be explained in Section C, where, in 

26 
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addition to the above correlator Aa [/r, we shall also correlate a vector with 
its numerical measure in terms of an assigned unit. 

If /r is a connected family, and a is any point of its field, Aa [ /r* is a one- 
one relation (*336*2). If /c is an initial family, and a is its initial point, 
Aaf"/c is a correlator of and at (*336*21), so that in an initial family 

the class of vectors is similar to the field (*336*22). If /r is a connected 
family, and a is any point of the field, and X is those members L of for 
which L*a exists, then -4^ [ X correlates the field with X, so that X is similar 
to the field (*336*24). 

By the definition of Aa, if M €k^ and M^a exists, we have 
M^a^Aa^M^Aa\icJM. 

Hence by the definition of 

ViMV,N.~. (aa) .(Aa[ k,^M) (Aa [ kJN) . 

~ . (^a).M(ic^^ Ac}s^k^)N, by *150*41. 

Similarly V iPU^Q. = . (aa) *P(fc'] Aa}s^K^) Q. 

Now in a connected family, if a and b are any two members of the field, and 
(P^a) (s^K^) (Q^a) . = . (P% (sU^) (Q‘b) (*336*38) ; 

W V/ 

hence Aa^s‘K^ = k'] A 

and hence U^ = AJs‘Kf, (*336’43). 

Since /c"] J-a is one-one (by *336*2), the above gives an ordinal correlation of 
with Aa^^fc (*336*461), i,e, Uk is ordinally similar to with its 

field confined to those points which can be reached from a by vectors which 
are members of fc. If fc is an initial family, it follows that is similar to 
(*336*44) ; if not, 17^ is in general only similar to a segment of (in 
the sense of *213). 

V/ 

It should be observed that Aa^x is the member of which takes us 
from a to x, and AaX (if it exists) is the member of k which takes us from 

\j 

a to X, Thus K \ Afj}s^K^ is the series of vectors which take us firom a to all 
the various points which can be reached from a by members of /c, the order 
of the series being that of the points to which the various vectors take us 
from a. 

If #c is a connected family, is the relation which holds between two 
members of k when one of them is the relative product of the other and a 
third (other than the zero vector), i,e. 

* 336 * 41 . yiK€FM(^oTix.^.U,^Pq[P,Q^Ki(^T).T^K,.P^T\q\ 
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This is for many purposes the most convenient formula for If, in 
addition, we have = a similar formula holds for F,, i.e. 

^336'54. h : * eii'Jlf conx . D“* = . D . 

V, = M [M, N € Kr-i-SiT) . Te . M = T\N} 
l{ fc€ FM conx, Fk is contained in diversity (*336*6); if k is also transitive, 
Fk is transitive (336*61) ; and if k has connexity, so has (*336*62). Hence 
if /c is a serial family, F* and are serial (*336*63*64). 

In addition to the above-mentioned propositions, the following propo- 
sitions in this number are important : 

*336*411. h:.K€FMconx.s^K\‘^KCK.'^iPU,Q.R€fc.’^.{P\R)U,{Q\R) 

*336*611. h a: sr . 1 / e NC ind - . D : RU,S . = . R^U.S’' 

*336*53. h /t e FM conx • M,N i MV^ N . = . NV^M 

The present number is important, since and are the general 
relations from which greater and less among magnitudes are derived, and 
the subject of magnitude is therefore intimately dependent upon them. 

<lf336-01. F. = {M, NeK,: (s‘«a) (JV'ic)) Df 

*336011. ff,= F4« Df 

*33602. Aa — (xRa) Df 

*336*1. V ixAaR • = .xRa [(*336*02)] 

*336*101. V:l£,\R‘a.'^.R‘a = Aa*R [*336*1] 

*336*11. h : 'f- [*336*1] 

*336*12. l-.i^‘a = .Aa“* = D‘(^„[/e) 

Dem, 

h . *41*11 . D h . s‘«‘a = $ {(gii) .Rex . xRa] 

[*336*1] = & Ka^) .Rex.xAaR}.'^^. Prop 

*336*13. l-.D‘il„|^*Cs‘D‘V 
Dem. 

h . *336*12 . *33*15 . D H . D‘Aa T « C D‘s‘ac . D I- . Prop 

*336*14. h:A:Cl->Cls.D.^„r/cel->Cls 
Dem. 

h . *336*11 . D h :x(Aa [ k) R .y{Aa [ k)R.^ .Rex. xRa . yRa (1) 
h . (1) . *71*17 . D 1- : Hp . Hp (1) . D . a: = y (2) 

h. (2). *71*17. Dh. Prop 
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*336-15. 

h ; * C cr‘a . a e a . 3 . (I‘(alo «) =■ * 


Dem. 

1- . *336*11 . 3 f- : .R e [■*). = . (a«) .Rex. xRa 

h. (1). (*330-01). 3 h. Prop 

(1) 

*33616. 

1- ; a € conx‘/e . = . a e s'H*'* . Aa“{K w Cnv“/c) == s‘(I“* 


Dem. 

I-. *331-1. *336-12. 3 



1" : a f conx‘* . = .a e . Aa“K w ila“Cnv“« = s‘(I“k 

h.(l). *37-22.31-. Prop 

(1) 

*336-17. 

t- : < e FM conx n FM tra — 1 . P = . 3 . Aa,“K = P#‘a 


Dem. 



I- . *334*14*18 . 3 h : Hp . 3 . P#‘a = P‘a w J [“ s‘G.“K‘a 
[*331-22-23] =i^‘a 



[*336-12] =al„««;3l-.Prop 


*336-2. 

h : K e FM conx . a e s‘(I“k . 1 


Dem. 



h. *33614. Dh;Hp.D.J«|‘/e.el-»Cls (1) 

!• . *336‘11 . D h ; Hp . x (Aa f“ «.) Z . a: {Aa f' «,) il/ . D . i, ilf e . xLa . xMa . 
[*331-42] O.L = M (2) 

h.(l).(2).Dh.Prop 

*336*21. I- : * 6 FM . a = init‘/c . 3 . [* k e (s‘0[“k) raa k 

Dem. 

^ I-. *336-2. D h : Hp . D..4a [‘/ce 1-* 1 (1) 

f- . *336-16 . *336-12 . D h : Hp . 3 . D‘.4„ = «‘a“/e (2) 

1-. *336-16. Df-rHp.D.a'^al^*^* (3) 

I- . (1) . (2) . (3) . 3 h . Prop 


* 336 - 22 . f-:/ceii’ilfinit.3.(s‘a“*)8m/e [*336*21] 

* 336 - 23 . bzxeFM conx . a e s'H"* . X = *. n 2 (a e (I'i) . 3 . 

alo [■ \ € («*(!“/«) sm X 

Dem. 

I-. *336-2. 3t-;Hp.3.^<,|“X€l-*l (i) 

h . *336-11 . 3 h : Hp . 3 . D‘(al„ X) = S {(gi) . Z r X . xLa] 

[Hp] =®{(aZ).Ze«..a!Za} 

[*331-4] =a‘a“>e (2) 

I- . *336-11 . 3 h ; Hp . 3 . a\Aa fX) = L {(g®) . Z e X . xLa] 

[Hp] =X 

h.'(l).(2).(3).3h.Prop 


( 3 ) 
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«33624. h:Hp*336-23.D.(s‘a“/«:)sm\ [#336-23] 

#336*25. H ; * e FMco'dx .a,be . X = «. n X (a e (l‘L) . 

fi = K^rt l^(b e (I‘M) .0 .\sm fi [#336*24] 

#336*26. h : « 6 FM . a e conx'/c . X = * w Cnv“iJ (Re/c .ae D‘R) . D . 

^»[Xe(«‘a“/c)imX [#336*23 . #331*48] 

#336*3. I- * C 1 -♦ Cla . D ; iJ (* 1 AJF) 8. = .R,8eK. (iJ‘a) P (S‘o) 
Dem. 

h . #150*11 . D I- ; P (/c *] AJP) 8 . = . (ga:, y) . R, 8 e k . xA^R • yAa8 . xPy . 
[#336*1] s . (ga;, y).R,8eK . xRa . y8a . xPy (1 ) 

I- . (1) . #71*36 . D H . Prop 

#336*31. f- : K 6 FM conx . a e 8‘Q!“/c . D . C D‘(k "j At}s‘K^ 

Dem. 

h . #336 3 . D 

h Hp . 3 : P e D ‘(* “] Aa}s‘ie ^) . = . (g/S, T) . R,8e k . T e . R‘a = T‘8‘a (1) 
I- . #331*22 . D h ; Hp . P 6 /eg . 3 . P € /ea . JI‘s‘a“/c eK.R‘a = P‘(/ T s‘CI“/c)‘a . 

[(!)] D . P e D‘(« 1 JL«5s‘*a) O I- . Prop 

#336*311. I- ; AC 6 FM conx — 1 . a e s‘(I“ac . D . J f* 8 ‘Q!“ac e (!'(/«•*] AJs‘k^) 

Dem. 

h. #336*3. D 

1- Hp . D : /S 6 Q[‘(/e “j AJs‘k^) . = . (gP, T) . R,8e k . T e . R‘a = T‘8‘a ; 

[#331*22] D : 7 [ 8‘a«Ac e a‘(Ac ] AJs^ics) . = . (gP. T).ReK.T eK^.,R‘a = T‘a. 
[#330*52] = . a ! *3 (1) 

I-. (1). #334*18. Dh. Prop 

#336*312. h : AC € FM conx — 1 . D . C\k ] alo'i'ACa) = k [#336*31*311] 

#336*313. f- : AC € Pilf conx r> FMasyva . . o e s‘Q“ac . 3 . D‘(ac ] AaH*K^) = ACg 
Dem. 

h . #336*3 . 3 

h :. Hp . 3 : /[ 8‘a“ie e D‘(* ] Aa’s^x ^) . = . (gP, P) . S e /e. Pe /eg.a = P8‘a (1) 

h . (1) . #334*5 . 3l-:Hp.3.7[s‘a“Ac~€l)‘(Acli„5p/eg) (2) 

I- . (2) . #336*31 . 3 h . Prop 



398 


QUANTITY 


[part VI 


4(336'32. h : « e FM . a e ci>nx ‘« , \ = /c n Ji(ae D‘R) , D , 

0‘{(k V Cnv“/e) "I Aa’s^Kg} — kv Cnv“\ 

Dem. 

h . *33616 . #33418 . D h : Hp . D . C‘s‘Kg = a‘(/c w Cnv“/e) 1 . 

[*150-23] D . C‘{(k w Cnv“*) ] AJs‘Kg} = D‘(* w Cnv“*) ] X 

[*336-15-11] = « w jK {(gar) . R e Cnv“/t . xRa} 

[Hp] = « w Cnv“\ : D |- . Prop 

^336*34. h : K€ FM . a = iuit^/c . D . (/c "j Aa^s^tc^) smor (s^fc^) 

Dem, 

i- . 51^336*21 . D h : Hp . 3 . /« 1 la € 1 1 . Q'a: 1 X = : D h . Prop 


^336*35. h : /c € FM . a e conx^/c . D . {(^ Cnv^ V) "j Ac}s^ic^] smor {s^tc^) 
[*336*2-16] 

*336*351. t- : « € FM conx . a e s‘Q“« . D . (« ] Aa>s‘Kg) smor {s^Kg) ^ Aa“K 
Dem. 

I-. *336-2. Dh:Hp.D.«:lXel-»l (1) 

h . *150*37 . D h : Hp . D . ac 'I A^^s^Kg = <c ] AaKs^Kg) f Aa^‘K (2) 

V- . (1) . (2) . D H . Prop 


*336*36. V K eFM coux . L,M € K^.a,heQ.‘L r\(l‘M .T e K \ 

L‘a = T‘M‘a . = .L‘b = T‘M‘b : L‘a = T‘M‘a . = .Db== T‘M‘b 

Dem. 

h . *13-12. ^ \- -..Up . N € K, . a = N‘b .'D : L‘a= T‘M‘a. = .L‘N‘b = T‘M‘N‘b. 
[*330-63] = . N‘L‘b = N‘T‘M‘b . 

[*71-56] =.L‘b=T‘M‘b (1) 

I- . (1) . *.331-4 . D h :. Hp . D : i‘a = PM^a .H.L‘b = T‘M‘b (2) 

I- . *71-362 . D h ;. Hp . D ; Z‘a = T‘M*a . = . i»/‘a= T‘i‘a . 

[(2)^] ^.M-b.PL-l,. 

[*71-362] =.L‘b= T‘M‘b (3) 

I- . (2) . (3) . D h . Prop 


*336*37. h :. AC e FM conx . L,M e . a,b e (I‘L ri (l‘M . D : 

(L‘a) (s‘/cg) (M‘a ) . = . (L‘b) (s'ACg) (M^b) 

Dem. 

I-. *336-36. D 

h :. Hp . D : (gf) . r e *g . Z‘a = . = . (gT) . r * * 3 . :. D I- . Prop 
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#336-371. hi.KeFM conx . L. M e a e a‘L a‘M . D : 

LV,M.^. {L‘a) ( s‘k^) (Jf'a) [*336-37 . (*336-01 )] 

*336-38. I- * eFM conx . P, Qe « . a, 6 €»‘(I“ac . 3 : 

(P‘a) (s‘k^) (Q‘a) . = . (P‘ 6 ) (s'/cg) {Q‘h) [*336-37 . *331 24] 

*336-4. !-:/«€ FM conx . a e s‘(I“k . 3 . U* = PQ {P, Q e /c . (P‘a) (i‘#cj)(Q‘a)} 

Bern. 

I- . *336-38 . 3 

h Hp . 3 : 6 e s‘Q“/e . (P‘ 6 ) («‘«g) (Q‘ 6 ) . = .66 s‘Q“/c . (P‘a) (s‘/cg) (Q‘a) ; 
[*1011-281.Hp] 3 : ( 36 ) . 6 6 s‘a“« . (P‘l>)(F/cg) (Q‘l>) . = . (P‘a)(s‘*g)(Q‘a) ( 1 ) 
h .(1). (*336-011). 3 h. Prop 

*336-41. h : AC 6 FM conx . 3 . t/« = FQ [P, Q e k: (gP) . P e /cg . P = P | Qj 
Bern. 

l-.*41-11.3l-:Hp.aes‘a“/«:.P,Q6«.P6Kg.P = PiQ.3.(P‘a)(s‘ACg)(Q‘a) (1) 
h .*41-11 . 3 h : Hp . a 6 s‘a“A: . (P‘a) ( 5 ‘/cg) (Q‘a) . 3 . (gP) . P e ACg . P‘a= PQ‘a . 
[*3.31-.32-33-24] 3.(gP).P6AC9.P = PlQ (2) 

h . (1) . (2) . *336-4 . 3 h . Prop 

*336-411. !• :. AC 6 PM conx . s‘k | “ac C /c . 3 : PU^Q . Re k .0 .(P\R) U,(Q\R) 
[*336-41] 

*336-412. h : Hp *336-41 1 . P,Q, R etc .{P\ R)U,(Q\R) .0 . PU,Q 
Bern. 

V . *336-41 . 3 )■ ; Hp . 3 . (gP) . P 6 /eg . P 1 P = P I Q I P . 

[*330-5] 3 .(gP).P€* 9 .PiP|P = P|P|PiQ 

[*330-31] 3.(gP).P6ACg.P = PjQ. 

[*336-41 1 3 . P J7,Q : 3 I- . Prop 

*336-413. I- ;. Hp*336-411 . P, Q, R e k . PU,Q . = . (P | P) P, (Q | P) 
[*336-411-412] 

*336-42. I- : AC 6 FM conx . o e p‘D“ac . 3 . F« = LM [L, M e ac. . (i‘a)(s‘/cg)(M‘a) j 
Bern. 

V . *3.30-54 . 3 I- Hp . Z.Me 3 : a € a‘Z A a‘M; 

[*336-37] 3 : (Z‘ 6 ) (s‘Kg) (M‘ 6 ) . 3 . (P‘a) ( 6 ‘ACg) (il/‘a) : 

[(*336-01)] 3 ; iF,M . 3 . (X‘a) ( 6 ‘«g) (M‘«) ( 1 ) 

h . ( 1 ) . (*336-01) .31-. Prop 

*336-43. I- ; AC 6 FM conx . a e s‘(I“/e . 3 . P* = ac "j Aa>s‘K^ 

Bern. 

V . *336-4101 . 3 h ; Hp . 3 . P, = PQ [P, Q € * . (4„‘P) (s‘*g) (^„‘Q)} 

[*35-7] = pO {{A. r r *‘ 0)1 

[*150-41 .*336-2] = Ac] .Ala56'‘Acg : 3 h . Prop 
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*336*44. h : * e FM inifc .0 .U, smor (s‘«g) 

Dem. 

H . *336*41 . D h : Hp . a = init'/ie . D . i7, = * ^ (1) 

h . *336*21 . D h : Hp . a =*init‘« .D.**lj4ael— »1 . H‘(« “j .4a) = s‘(I“« (2) 

I- . (1) . (2) . *334*19 . D h . Prop 


*336*45. h: 

KeFM. 

a € conx'/e . X = « 

A ^ (a € D'i2) . D • 





KD( 

« w Cnv“X,) = (« w Cnv“/ic) *] 4a’s‘ACg 

Dem. 






h. *41*11. (*336*01). 

D 




I-:.P{F.D(*' 

jCnv“X)jQ.= 

= :P, Qe /c u Cnv^^X:(a(r, T),TeK^ 

.P‘!C^T*Q‘x (1) 

1- . (1) . *336*: 

36 . D h ; 

:Hp 

. 3 :. 



■P{F.D(^ 

: w Cnv“ 

x)}<2 

. = :P,QeK 

u Cnv^^X : (gP) . Te 

Kg . P‘a = T‘Q‘a : 

[*14*21 .Hp] 



^iP.Qex 

V Cnv^^/c : (gP) - Te 

Kg . P‘a = P‘Q‘a : 

[*41*11] 



= :P,Q€k 

u Cnv^^/c . (P^a) (s^/cq) (Q^cl) : 

[*336*3] 



III 

c 

Cnv^'/c)"| Q: 

: D h . Prop 

*336 46. h : 

Hp *336*45 . 

3.F4(/ev 

Cnv^^X) smor (s^tc^) 

[*336*45*2*16] 

*336461. I-; 

K € FM Qonyi . 

a € s‘(1*‘k . ! 

5 . Uk smor {s^fc^) P (.4 

a“fc) 


[*336*351*43] 


*336*462. !-:/«€ FM conx n FM trs . a e s‘(I“k . P = s'/cg . D . IT, smor (P ^ P»‘a) 
[*336*461 *17. *334*17] 

*336*47. ViKeFM conx . D . *g C D‘ C7, [*336*31 *43] 

*336*471. V'.KeFM conx - 1 . D . « = O' P, [*336*312*43] 

*336*472. h : * e FM conx r» FM asym . D . /eg = D‘ [*336*313*43] 

*336*51. h K 6 FM ar . R, Sex .ve NC ind — 1‘0 . D : 

(P‘a) («‘/*g) (S‘a) . = . (s‘*g) (8-‘a) 

Dem. 

h . *333*42 . *334*32 . *330*57 . *331*42 . D 

I- Hp . D ; P € *g . P‘a = T‘S*a . D . P*"® = . 

[*334*131] D . (P-'o) (s‘/eg) (/S-'a) (1) 

I- . (1) . *41*11 . D h Hp . D ; (P‘a) (i‘*g) (/S‘a) . D . (P^'o) (s‘*g) (/S’’‘a) (2) 

H . (2) . D h Hp . D : (S‘a) (s‘*g) (P‘o) . D . (S-‘o) (s‘«g) (P-‘a) (3) 

h . *331*42 . D h Hp . D : P‘a = /S‘a . D . P'‘a = S'-'a (4) 

h. (3). (4). *334*3. D 

h :. Hp . D : ~ ((P‘a) (s‘*g) (S‘a)} . D . ~ [(P^'a) (s‘«g) (/S^'a)} 
h.(2).(5).Df-.Prop 


( 5 ) 
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«336‘511. h kbFM sr.ve NO ind — t‘0 . D : . = . R^U^S" [«336‘51'4] 


«336'62. VuKe FM conx .Q,R,8,TeK.xe a:‘(Q | R) « (I‘((g | T) . D ; 

{Q\R)V,{S\T).m. {S‘R‘x) ( 8 ‘* 3 ) (Q‘T*x) 

Dem. 

h .*336-37l .3 

h Hp . 3 ; ($ I i2) F, (S i T) . = . (gP) . P e /eg . Q‘R‘x = P*S‘T*x ( 1 ) 


V . #330-56 . 3 I- Hp . P € /eg . 3 ; Q^R^x = P‘S‘T*x . = . Q^R‘x = 8‘P‘T‘x . 


[*71-362] 

[*330-54-56] 

[*71-362.*330-5] 

I- . ( 1 ) . ( 2 ) . 3 1 - Hp . 3 : (Q I P) F«(S I r) 
[*41-11] 


= .R‘x==Q‘8‘P‘T*x. 

= .R‘x^8*Q‘P‘T‘x. 

= .8*R‘x=P‘Q‘T*x (2) 
(gP) . P 6 «g . 8‘R*x = P‘Q,‘T*x . 
(/S‘P‘/c)(i‘/eg)((2‘r‘/»):.3 1- . Prop 


*336-63. h /e € PJfconx . Jlf, Pe /e. . 3 : MV.N . = . NV,M 
Dem. 

h. *330-6-54. 3 

h ; Hp . Q, P, /Sf, Pc /e . if = Q I P . JV = ^ I r . a 6 s‘a«/e . /c = (2‘P‘5‘Pa . 3 . 

mM‘x.'E,\N‘x.'E,\M‘x.'E,\N‘x (1) 
H . (1) . *336-52 . 3 h Hp (1) . 3 : if F.JV . = . {8‘R^x) («‘/eg) (Q'P'/c) . 

[*330-5] = . {R‘8*x) («‘/eg) (PQ‘a;) . 

[*336-52] =.(P|/S)F,(P|Q). 

[Hp] =.NV.M (2) 

h . (2) . *33112 . 3 h . Prop 

*336'54. V z Ke FM conx . D“/e = Ql‘*« . 3 . 

F. = M{if,iV 6 /e. ; (gP). Pe /eg . if = P|P} 

Pewi. 

h . *334-46 . 3 h !. Hp . M,N e z 

(gP.a;) . Pc /eg . M*x=T‘N^x . = . (gP) . Pe /eg . if = T\N (1) 
l-.(l). (*336-01). 3 h. Prop 

*336-6. \-ZKeFM conx . D . Fk G 
Dem, 

h . *331*23 . D h Hp . D : MV^N . D . (^x) . D h . Prop 

Observe that, by the conventions explained in *14, ** M^x=^N^x** implies 
E ! M^x . E ! N^x. From “ (go?) . {M^x = N^x) ** we cannot infer N, 


E. & W. III. 
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«336'61. I- ; K € FM conx trs . D . F, e trs 
Dem. 

I- . *330-612 . D h : Hp . I, ilf, /e. . D . a ! a‘Z A (l‘M a (1*N (1) 

V . *336-371 . 0 h ; Hp . Z F,ilf . JI/F,A\ a e Q'Z a (1‘M a <1‘N . D . 

(Z‘a) (s‘/eg) {M‘a) . (if‘a)(i‘/fg) (JV‘a) . 
[*334-14] D . (Z‘a) (s‘/eg) (i7‘a) . 

[(*33601)] D.ZF,iV (2) 

l-.(l .(2).DI-.Prop 

*336-62. f- ; « e FM connex . D . F, e connex 
Dem. 

I- . *330-61 . D I- : Hp . Z, M e /c, . D . g ! Q'Z a d^M (1) 

h .*334 24 . D h Hp . L,Meic ^ . a e Q'Z a Q'JIZ . D : 

Z‘o = M*a . V . (Z‘a) (s'/cg) (ilf'a) . v . ( J/‘a) (s**g) (Z‘a) : 
[*331-42.(*336-01)] D : Z = ilf . v . ZF,ilf . v . MV,L (2) 

h . (1) . (2) . D h . Prop 

*336-63. h:*€FJl!/sr.D.F«6Ser [*336-6-61-62] 

*33664. h : « 6 FJf sr .U^e Ser [*336-63] 



51^337. MULTIPLES AND SUB-MULTIPLES OF VECTORS. 

Summary of a|t337. 

In this number, we are concerned with the axiom of Archimedes and the 
axiom of divisibility. If /c is a family of vectors, k obeys the axiom of 
Archimedes if, given any two points x, a in the field of «, and any vector 
R which is a member of k, there is some power iJ*' of R such that R^'^a is 
later than x. That is, k obeys the axiom of Archimedes if, starting from 
any given point in the field, a sufficient finite number of repetitions of any 
given vector will take us beyond any other assigned point, A sufficient 
hypothesis for this is that k should be serial and Onv‘i^AC 0 should be semi- 
Dedekindian (cf. 9jt214), i.e, we have 

9k 33713. h ^ e FM sr • P = . P e semi Ded , Rck^. a € C^P . D : 

X € C^P . D . (gi/) . V € NC ind — t^O . xP {R^^a) 

V/ 

The hypothesis P = s^k^, which appears in the above proposition, is often 
notationally convenient. It will be observed that gives us the series 
in the opposite order to that in which it is usually wanted ; hence the intro- 
duction of the above relation P tends to avoid confusions. 

A family tc is said to obey the axiom of divisibility when, given any 
member R of and any inductive cardinal v other than 0 , there is a 
member L ot k such that L^^R, When this axiom holds, every vector 
can be divided into any assigned finite number of equal parts. We shall in 
the next Section (*351) define a family for which this holds as a “sub-multi- 
pliable family,” denoted by “ FM subm.” For the present we are concerned 
to find a hypothesis as to from which this property can be deduced. 
The hypothesis in question is that Cnv'i^^^ is serial, compact, and semi- 
Dedekindian; i.e. we have 

* 337 * 27 . h ^ e FM sr . Cnv^i^/cg e comp a semi Ded . 3 ; 

ScK .v€ NC ind - t'O . D . (gP ) . Lck .8^ L' 

The proof proceeds by taking two points a, x in the field of Ky of which a is 
earlier thfin a?, and considering the class 

\ssKQf\ R P(c]y 
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%,e. the class of vectors such that v repetitions of them, starting from a, do 
not take us as far as x. It is easy to show that, when P is compact, this 
class has no maximum (a|e337*23), and therefore, when P is also semi-Dede- 
kindian, has a limit, whose vth power is the vector which takes us from a to 
X (i^337*26). Hence our result follows. 


♦3371. h : /c € PJf . P = C 

Dem. 

h • 91^9016 . ♦41141 . D h ; Hp . xR^a . y = R^x . D . y e R^^a . xPy . 

[♦37 1] D . a? € : D h . trop 

«337'11. !■:/«€ FM connex asy m . P = s'/eg .Rex^.ae C*P . 5 . seqp'P^'a = A 
Dem. 

I- . #206-15 . D I- ; Hp . 3 . s^p‘P*‘a = /)‘P«^‘a - P“p‘P"!5f‘® (1) 

h . *330-542 . *40-61 . 3 h : Hp . a; e jj‘P‘(b#‘o . 3 . a: e D‘P . 

[Hp] 3 . (gc) . X = R*c . cPx (2) 

H . *90-172 . 3 h ; c e^‘a . 3 . P‘c c (3) 

H . (3) . Transp . *200-5 . *334-5 OH: Hp (2) . a; = R*c . 3 .a; ~ e -B*'** (4) 

h . *37-1 . 3 h : c € P‘‘%,'‘a\ 3 . (g6) . b e B#‘a . oPb (6) 

h . (5) .*208-2 . 3 h ; Hp . ceP“R^*a .x» R‘c . 3 . (g5) . 6 eB*‘o. ajP (JB‘6) . 
[*90-172] 3.a;€P"B#‘a (6) 

H . (6) . Transp . *20053 . 3 1- : Hp (2) . a: = R‘c . D .Of^e P"R^‘a (7) 

h . (4) . (7) . *202-602 . *334 24 . 3 h ; Hp (2) . a; = B‘c . 3 . c ep‘P“^^‘a (8) 

l-.(2).(8). 3l-:Hp(2).3.»eP‘yP“KK‘a (9) 

h . (1) . (9) . 3 h . Prop 

*337-12. ViKiFMsr.P — i‘/eg .Pesemi Ded.Be/icg .aeC*P.O.P“R^*a=C*P 
Dem. 

(-.*337-1. 3 I- : Hp. 3.~g !maxp‘i?,l(*o . 

[*206-7] 3 . ~ g I vD.axFP**Rif,*a (1) 

I- . (1) . *206-33 . *337-11 . 3 I- : Hp . 3 . ~ g I (2) 

I-. (1). (2). *214-7. 3 (-.Prop 

*337*13. (- ;.«€Pif8r.P = «‘*g.PesemiDed . jBe/icg.ae(7'P.3t 

' » € a‘P . 3 . (gy) . e NC ind - i‘0 . xP (R’^a) [*337*12 . *301*26] 
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4i337'14. h : «e JWsr . P=5‘/icg.Pe8emiDed. 3 . P^esemiDed 
[#336-462.*214-74-76] 

*387-2. ViKeFM conx .LU,R.R^I\ «‘a“* . 3 . jDP, (P | i) 

Dem. 

h. *336-41.3 h;Hp. 3. (aP).£.Pe«.re*g.i = TIP. 

[*330-31] 3.(aP).Pe*g.P|Z; = y.X=P|P. 

[*13-195] 3.P|Z;€ieg.i = (P|i)|P. 

[*330-5.*336-41] 3 . Z P, (P | X) : 3 h . Prop 

* 337 - 21 . h : * e FM conx a FM tra.RcK^.ve NC ind — t‘0 — t‘l . 3 . RrU^R 
Dem. 

h . *334-162 . *301 23 . 3 h : Hp . 3 . P- = \ R (1) 

h. *334-131. 3h:Hp.3.P,P-,P'-*i€*g (2) 

h . (1) . (2) . *336-41 .Oh. Prop 

V/ 

* 337 - 22 . h ; « « FM ar.P — «‘/cg . P e comp . aPx . 1 / e NC ind — 1‘0 . 3 . 

(aP) • ReK . {R''*a) Px 

Dem. 

h . *27011 . 3 h : Hp . 3 . (ay) • o,Py • yJ“* • 

[*41-11] 3 . (aP, y).R€Ks.y = R‘a. (R^a) Px (1) 

h . (l)fL^ . D I- : Hp . P e «a . (P-‘a) Px .0 . (a^) . /cg . {8‘R'*a)Px (2) 

h . *336-64 . 3 h :. Hp (2) . S e *g . (<Sf‘P-‘a) Pa; . 3 : P = <Sf . V . PP^. V .SP,P ; 
[*336-511-4] 3;P = -S.v.(P-+'“a)P(S‘P'‘a).v.(S-+*i‘a)P(5‘P"‘a) (3) 

I- . (2) . (3) . *334-3 . 3 h : Hp (2) . 3 . (a^Sf) . S e «g . (-S- +• i‘o) Px (4) 

!• . (1) . (4) . Induct . 3 H • Prop 

*337-23. h ; Hp *337 22 . \ = /eg a P {(P^‘a) Pa;} . 3 . X = 

Dem. 

h .*336-511 . 3 h ; Hp . P e X . /S^,P . 3 . (S’-'a) P (P'‘o) . (P-‘a) Px . 
[*334-3.Hp] O.SeX (1) 

h . *337-22 .3h;Hp.PeX.3. (a-S) . /S e /eg . («S-‘P-‘o) Px . 
[*330-57-5.*334-13] 3 . (a/S) . P | /ST e /eg . ((« | /Sr)-‘o} Px . 

[*336-41] 3 . (a<S) . P i /S e /eg . {(P I S)-‘a} Px.RU,iR\S). 

[*37-1] 3.Pe£7,“X (2) 

h.(l).(2).3h.Prop 
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«337'24. 

l-:Hp *.337-23.2; = 

= tl(P,)‘X.3.~{(2;-‘a)Pa;j 


Dem. 





h . *206-2 . D ^ : 

Hp.D.Z~e\. 



[HpJ 

D.~{(Z-‘a)Pa;}:Dh.Prop 


*337241. 

H: Hp *337-24. D. 

~ [xP{L''*a)] 


Dem. 




h 

. *.337-2-23 .DhrHp.iJeX.D.fijLeX. 


[*332-53-241 .*334131] ■:> . R\ L e\ .{R\Ly = R" \L 

V ^ 

[Hp] 

D.(P*'‘Z-‘a)Pa:. 


[*71362.*41-11] 

D.{Z-‘a)P(P-‘a;) 

(1) 

h 

. *.337-23 . D (- : Hp 

. R € — \ . 3 . |Z Pjt Pj . 


[*336oll] 

^.~{(2^‘a)P(Z-‘a)). 


[*3305 . Hp.*334' 1 4] 

D.~KP*'‘a;)P(Z-‘a)} 

(2) 

h 

. (1) . (2) . D h : Hp 

. D . ~ (3P ) . R e Kg. (R‘'‘x) P {L’’‘a ) . 


[9|e337‘22.Transp] 

D . ~ {xP (Z’-'a)} : D h . Prop 


*33726. 

h :Hp *337-24. D. 

II 


Dem. 





1- . *337-24-241 . 

D h : Hp . D . Z^'a = a; : D K . Prop 


*S372Q. 

I-: Hp*337 23.Pe 

semi Ded . 3 . (tl ( = /e ] Aa‘x 

- 

Dem. 





1- . *337-21 . 

D h Hp . D : i2 € \ . (R^a) Px : 


[*336-4] 

D : /c 'I AaX € p* 

(1) 


h . (1) . *337-23 

14.Dh:Hp.D.ES 

(2) 


h . (2) . *337-25 

• D h . Prop 


*33727. 

h « 6 FM sr . Ciiv' 

€ corap n semi Ded . D : 



-S e * . K € NC ind - 1‘0 . D . (gZ) . X e AC . = Z- 

[*337-26] 
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Summary of Section (7. 

In this Section, the “ pure theory of ratios and real numbers developed 
in Section A is applied to vector-families. A vector-family, if it has suitable 
properties, may be regarded as a kind of magnitude. In order to derive from 
the ‘‘pure” theory of ratio a theory of measurement having the properties 
which we should expect, it is necessary to confine ourselves to some one 
vector-family; that is, instead of considering the general relation X, where 
X is a ratio, we consider the relation X ^ /c, where k is the vector- family in 
question; or sometimes we consider X^/ic^, or sometimes X u Cnv^^^). 

Concerning ratios with their fields thus limited, which are what we may 
call “ applied ” ratios, we have to prove various propositions. 

(1) No two members of a family must have two different ratios. This 
is proved, for an open and connected family, in *350*44. 

(2) All ratios except 0^ and oo ^ must be one-one relations when limited 
to a single family. This is proved, for an open and connected family, in 
*350*5; with the same hypothesis, 0^ is one-many (*350*51). 

(3) The relative product of two applied ratios ought to be equal to the 
arithmetical product of the corresponding pure ratios with its field limited, 
i.6. if X, Y are ratios, we ought to have 

XIk |Ft/c=(X X, Y)tK 
or Xt^JFp/., = (Xx,F)C/c,. 

That is to say, two-thirds of half a pound of cheese ought to be (2/3 Xgl/2) 
of a pound of cheese; and similarly in any other case. For any open connected 
family, we have (*350*6) 

XIk,\YIk,Q(X XfY)lK,, 

but in order to obtain an equation instead of an inclusion, it is necessary 
(*361*31) that K should be “ submultipliable,” t.e. that if R is any member 
of If, and V any inductive cardinal other than zero, there should be a member 
of K whbse I/th power is R. The class of such families is denoted by 
“Xifsubm,” and considered in *351. 
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(4) If X, V are ratios,, and T is a member of the family x, we ought 
to have 

(X t k^T) \(Y t k^T) = (Z Y) D 

that is, two-thirds of a pound of cheese together with half a pound of cheese 
ought to be (2/3 -f, 1/2) of a pound of cheese, and similarly in any other 
instance. This property is shown, in *351'43, to hold for any open connected 
submultipliable family in which all powers of members are members. In any 
open connected family, if i2, S, Tefc, we have 

RXT.SYT.D.{R\S)(Xa^sY)T (9|^350*62). 

The remainder of the hypothesis of *351*43 is required in order to prove 
(a) that X^k^T, F^/c^Tand (Z+,F) exist, (b) that (Z^/c^T)l(F^/t^T), 
which is the R\8 of *350*62, is a member of k. As applied to /r*, we have 
to take the representative (cf. *332) of the relative product; if Z we have 
(*351*42) 

rep/{(Z I k,^L) \(Yt kJL)} = (Z +, F) I 
provided k is open and connected and submultipliable. 

The fact that the above propositions can be proved for suitable vector- 
families constitutes the reason for studying such families, as we did in 
Section B. The proof of the above propositions, together with other 
elementary properties of applied ratios, occupies the first two numbers of 
this Section. 

We proceed next (*352) to consider all the rational multiples of a given 
vector in a given family, i.e. all the members of a given family k which have, 
to a given vector T, a ratio which is a member of or, alternatively, all 

the members of which have to T a ratio which is a member of C^Hg, It 
will be observed that, in virtue of *307, if R and S have a ratio Z which is 

a member of R and S have the corresponding negative ratio Z | Cnv. 
The members of k which have to jT a ratio which is a member of are 
those vectors R for which we have 

\^X).X^G^H\RXT, 

Le, using the notation of *336, those for which we have 

{^X).X€C*H\RAtX, 

Thus they constitute the class 

Assuming that T^k, the vector which has the ratio Z to T is k^A^X. 
This is the vector whose measure is Z when Tis the unit. Thus 
is the correlator of a vector with ita measure. It is easy to prove (*352*12) 
that k'\ At\G*H^ is one-one. 
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We can arrange the vectors which are rational multiples of jP in a series 
by correlation with their measures, putting vectors with smaller measures 
before those with larger measures. The ordering relation is where 

Df. 

Similarly the members of which are positive or negative rational multiples 
of T may be ordered by the relation where 

Df. 

We prove that change of units makes no difference to Le. if S is any 
member of k which is a rational multiple of T, then S„ = (*352*45). The 

corresponding proposition holds for if S has a positive ratio to T, but if S 

has a negative ratio, 8,^^=^ (*352*56*57). 

If is a serial family, is the converse of f/* (cf. *336) with its field 
limited to rational multiples of T (*352*72). This proposition connects the 
generalized form of greater and less represented by CP* with the form of 
greater and less derived from greater and less among the measures of vectors, 
since it shows that, in a serial family, the vectors which have greater measures 

come later in the series CP*, and those with smaller measures come earlier. 

We next proceed (*353) to consider “rationar' families. These are 
families in which every member is a rational multiple of some one unit T, 
i.e. in which 

{^T).TeK^.KCAT^^C^H\ 

It is obvious that, given any family, the rational multiples of one of its 
members constitute a rational sub-family. In a rational family, rationals 
are sufficient for measurement, and irrationals are not required. If the 
family has connexity, it will be serial; in fact, if T is one of its vectors and 
a is a member of its field, we have (cf. *353*32*33) 

Thus both CP* and are ordinally similar to If k is sub- 

multipliable, CP* is ordinally similar to H' (*353*44). 

We proceed next (*354) to consider “ rational nets,*' which are important 
in connection with the introduction of coordinates in geometry. A rational 
net is obtained from a given family, roughly speaking, by selecting those 
vectors which are rational multiples of a given vector, and then limiting their 
fields to the points which can be reached by means of them from a given 
point. In order to make this more precise, we proceed as follows: Let us 
define as^the ‘‘connection” of a with respect to k the class Aa^ic^y i.e, all the 
points which can be reached from a by a member of k,. We will now define 
as the “ a-connected derivative of k ” the class of relations obtained by limiting 
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the field of every member of k to the connection of a with respect to k. This 
class of relations we denote by putting 

Df. 

Instead of k, we take, in order to obtain a rational net, all the rational 
multiples (in k) of a given member T of k, i,e. Then oxaC^T^ is a 

rational net, namely the rational net associated with the origin a and the 
unit vector T, 


In proving propositions concerning the rational net cxaC^T^f we often 
require the hypothesis that is a group. In order to avoid having to make 
this hypothesis concerning our original family, we construct a closely allied 
family, which is always a group when k is connected. This family, which we 
call is obtained from k by including the converses of those members of k, 
if any, whose domains are equal to their converse domains, i,e, we put 

Kg^ tcyj Cnv'^(ic n Df. 


Then if is a connected family, Kg is a connected family which is a group 
(*354*14*16), and {Kg\ = at* (*354*15). Then putting X = Kg, we take cxaC^T^ 
rather than cXa^C*T,c as the rational net to be considered. If k is an open 
and connected family, this rational net is a family which is open, connected, 
rational, transitive and asymmetrical (*354*41). 

We proceed next (*356) to the application of real numbers to vector- 
families. For the application of real numbers, it is essential that our family 
should be serial. Given a serial family in which a given vector 8 is the limit 
(in the series (7,) of a set of vectors which are rational multiples of another 
vector JB, it is natural to take as the measure of 8, with the unit iJ, the limit 
of the measures of the vectors whose limit is 8. It is convenient to take our 
real numbers in the relational form given in *314, i.e. if f is a segment of H, 
we take as the corresponding real number. Thus positive real numbers 
are the class while positive and negative real numbers together with 

zero are the class s^*G*&g, If (7^0, a vector which has to JB a ratio which 
is a member of f has a measure which is less than The class of all such 

vectors is ^JB, ie, if X = it is X*R. The limit of such vectors in the 
series fTt, if it exists, will naturally be taken as the vector whose measure is 
X. Remembering that [7* proceeds from greater to smaller vectors, we see 

that the first vector which is greater than every member of X^R will be the 

lower limit of X^R with respect to i7«. Hence, if we write X,t^R for the 
vector whose measure with the unit R is X, we have 


X^^iJ = prec ( U^tYX^R. 
Hence we may take as our definition of X« 

X*«prec(i7«)|Xf'/c Df. 
Then X* is an ‘‘ applied ** real number. 



SECTION C] 


MEASUREMENT 


411 


The properties to be proved concerning applied real numbers almost all 
require that the family to which they are applied should be serial and sub- 
multipliable, and most of them also require that Cnv'«'/r^ should be semi- 
Dedekindian. Assuming this, we can prove that, if X.Ye is 

one-one, and, with various hypotheses, 

(Xtfc)\{YtK)^(XxrY)tK ^91135631), 
Z,|F,-(Zx,F), (aie356*33), 

(Z/JK) I ( Y/R) = (Z +. F)/iJ (*366-54). 

These are the essential properties required of measurement, as in the 
analogous case of ratios. 

We might proceed to consider “reaF* multiples of a given vector, -*and 
“ real ” nets. But these subjects have less importance than in the analogous 
case of rationals, and are therefore not discussed. 

The Section ends (*359) with a number on existence-theorems for vector- 
families. The most important of these are derived from rationals and real 
numbers. The family whose members are of the form (-f-^^Z) ^ where 

XeC^H\ is initial, serial, and submultipliable (*359'21). The family whose 
members are of the form (+j, fi) ^ where fjL e G^&, is initial, serial, and 
submultipliable, and has Cxxv^s^k^ = so that Cnv^i^/C 0 e semi Ded (*359*31). 
Finally we prove that the properties of families are unaffected by the 
application of correlators, whence it follows that, given any series P whose 
relation-number is i-h?/, or is d' where = tb#^re is an initial serial 

submultipliable family fc such that Cnv‘s^AC 0 = P. Such a family may be 
used for the measurement of distances in P. 

It is of some interest to observe that, given a suitable family /c, ratios 
with their field limited to form a family whose field is In this family, 
the zero vector is ( 1 / 1 ) and the family is connected if ^ is a rational 
family. If we wish to obtain a serial family, we must limit ourselves to 
ratios not less than 1 / 1 , i,e, to 

This family is serial, and if we call it we have (with a suitable hypothesis) 

= Uk ^ 

It is necessary, however, if we are to obtain a family, that our original family 
should be submultipliable, since otherwise we do not necessarily have 
d^X^ For this reason, we cannot use the family of ratios without 

a frequent loss of generality in the resulting theorems. 

The theory of measurement developed in this Section is only applicable 
to open families. The application of ratio to cyclic families is more complicated 
and is considered separately in Section D. ^ 



*360. RATIOS OF MEMBERS OF A FAMILY. 


Summary of *350. 

In this number we introduce no new definitions, but merely bring together 
the propositions of *303 on the pure theory of ratio, and the propositions of 
*333 on powers of vectors in open connected families, especially *333'47‘48. 
We thus find that, if k is an open connected family, and /a, v are inductive 
cardinals which are not both zero, 

M [iiilv) t K.} iV . = . ilf, iVe /e, . a ! il/- A JY'* . (*350-4) 

= .M,NeKi . = rep^'W** (*350-41), 
while if R, T are members of k, 

R{fijv)T. = .R’'=ri^ (*3.50-43). 

We prove also, by means of *333-53, that if L and M are members of /r, other 
than I they cannot have more than one ratio, i.e. 

* 360 - 44 . h:KeFMapconx.X,YeC‘H'.'^lXlK^QnYt>c^^.-^.X=Y 

We next prove that any ratio other than 0, and oo , becomes one-one when 
its field is limited to k, (*350-5), while 0, becomes one-many (*350-51) and 
00 q becomes many-one (*350-511), 0, being in fact the ratio of the zero vector 
to any member of /c,, and oo, being the converse of Og. 

We consider next the multiplication and addition of ratios, but in this 
subject we cannot obtain some of the main theorems without the hypothesis 
that our family is submultipliable (introduced in *351). In the present 
number, we prove that, if k is an open connected family, and fi, pare inductive 
cardinals other than 0, 

(/i/1) I K, ! (l/v) ^ AC, G ifi/p) ^ AC, (*350-53), 

(V'') t I t = (W‘') t (*350-54), 

(/i/1) C i (ia/1) C «,= K/i Xe v)/lj i AC. (*350-55), 
and (l//i) I AC, (1/ia) t = [l/f/i Xc *')} t (*350-56). 

Hence we find that, if X, Y are ratios other than 0,y and x g, 

X ^ AC, F ^ AC, G ( X Xs F) ^ AC, (*350-6), 
while if R, S. T are ineinbers of ac , 

RXr .SYT.D.(R\ S) {X +, Y) T (*350-62), 

and if/,, M, X ,are members of ac., 

LXN . M YN . D . [rep/f , il/)j {X -f, Y) N (*350-63). 
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We then prove similar results for subtraction, and thus arrive at the following 
proposition concerning generalized addition of positive or negative ratios : 

*360‘66. H : /c 6 ap conx . Z, if, . Z, F € G^Hg . LXN .MYN.D. 

rep/(Z I if) = (Z 4-, F)t/r.‘Z 


«3601. 

V 1 Ke Zif ap . 3 . C Rel num id . C Rel num 


Dem. 



h. *333*101. 3h:Hp.Xe/c,9.3.X€l->l .XpoGX 

(i) 


h . (1) . *300*3 . 3 h : Hp . 3 . C Rel num 

h. *333*1*101. 3h:Hp.X6/c,--/^^9.3.XG/. 

(2) 


[*300*325] 3 , X e Rel num id 

h . (2) . (3) . 3 h . Prop 

(3) 

«3602. 

h : /c € Zif ap conx • g 1 • 3 - Infin ax 



Dem. 


h . *330*624 . *333*15 . D h Hp . X e . D : A'^e finid^X ; 

[*121*11*12] D : i/eNC induct . D,, . (g^, y ) . L{x)r^y)ev \ i 

[*120*3] D : Infin ax 3 h . Prop 

*350*21. 1" : a ! FM ap conx — 1 . D . Infin ax [*334*18 . *350*2] 

*350*31. h /c € Zif ap conx . /^, */ € NC ind ~ t^O . if, Ze • D : 

if {fijv) Z . = . a ! if*' n 

Dem. 

h . *303*1.. (*302*02*03) . *113*602 . D 

h :: Hp . D if . = : (gp, cr,r). p Prin cr • r e NC ind — 1*0 . 

/x. = pXoT.i/ = (7XoT.al if ^ . p =1= 0 . O’ 4= 0 : 

[*333*48] = : (gp, o*, r) . p Prni o* . t € NC ind ~ i^O . p =}= 0 . er =f= 0 . 

yLt = pXcT.i/ = aXoT:a! if*' n : 

[*1 13*602.(*302*02*03)] = : (gp, cr) . (p, <r) Prm (p,, v) : g ! if *' n : 

[*302*36] = 53 ! ^ :: 3 h . Prop 

*350*32. h Hp *350*31 . 3 : M(/jl/v) Z . = . rep,e^if*' = rep,c^Z^ 

[*350*31 . *333*47] 

*350*33. y- :.fc€ FM ap conx . p, 1 / e NC ind — 1‘0 . if = 1 .Ne/c^.D: 

if (p/i^) Z.H.ifssZ.s.g! if*' n 

Dem, 

h.*30r3.*333*2.3l-:.Hp.3;<r€NCind-t^0.3.if<^ = if (1) 
h.(l).*303*1.3 

h Hp . 3 : if (p/v) N . = . (gp, cr) . (p, <r) Prm {fjL,v) .^ \ M ^ . 

[*333*101] = . (gp, cr) . (p, cr) Prm (p, i/) . if = Z . 

[*302*36] =.if = JV. (2) 

[(1).*331*42] =.a!if*'nZ^ ' (3) 

h . (2) . (3) . 3 h • Prop 
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*350'331. h *6 FM apconx . j»eNC ind — 1‘0 . if ck, . = /[«'(!“« . D : 

M (filv) N.^.M^N. = .’^lM''AN>^ [#360-33 . #30313] 

#360*34. H /eei’if apconx .ve NCind - t‘0 . if, /r. . D : 

M(0jp)N. = .M^I[s‘a“K 

Dem. 

h .#303-151 . D H Hp . D ; if (0/j/)i\r. = . if G/.g ! 0‘Mr^C‘N. 
[#330-43-61] = . if = / 1' s‘a“« D h . Prop 

#350'35. f- AC e FM ap conx . v e NC ind — 1‘0 . if, iTe ac, . D : 

if(o/iA)iv. = .a!if-/sJv« 

Dem. 

I- . #301-2 . D t- Hp . D : a ! if - n . a ! if - A / (- «‘a“Ac . 

[#333-101.#331-12] =.M = I[s‘(P‘k (1) 

h . (1) . #350-34 . D h . Prop 

#350*361. h AC e iW ap conx . fi e NC ind — 1‘0 . D : 

M {fi/O) N. = .N=I[ s‘a“Ac [#350-35 . #303-13] 

#360*4. I- AC e FM ap conx . /a, i/ e NC ind . ~(/it = i» = 0) . D ; 

if {(ijl/p) lKJiN. = .M,N€K,.’^lM''hN>^ [#350-31 -33-331 -35-351] 

#350-41. Hp *350*4 . D : if {(fi./p) C ac.} iT . = . if, iV e ac. . rep/if - = rep/A''" 
Dem. 

1- . #332*243 . #301*3 . D h ; Hp . if = / f* «'(!“« . D . rep,‘if •' = if (1)^ 

h . (1) . #350-33-331-32 . D h . Prop 

#360-42. h : . Hp #350-4 . Q, J2, 5!, r e AC . D : 

(Q ! R) {flip) (S I T) . = . Q- 1 E- = /S'* I r** [#350-41 . *332*53] 

#360-43. h Hp#350-4 .R.TeK.O: R(filp)T. = .R''=T>^ 

#360*44. J-;AC€i'ifapconx.Z, FeO'E' . g • C '^*8 • ^ ^ 
Dem. 

f- . #350*4 . D I- : Hp . D . (gf/, if, /x, p, p, a-) . L, Me Ac^g . 

a ! E' aS if " . a ! . -S' = /*/«/ . F = p/(r . 

[#333*53] D./iXo<r = »AX,/j.X = /t/v . F = pja . 

[#303-39] D . Z = F ; D I- . Prop 
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«360‘5. h : iceFM ap conx ./i,pe NO ind - 1‘0 . D . (fi/v) ^ e 1 1 

Bern. 

H.*360-41.DI-:.Hp.D: 

L,M,NeKt.L(jijv)N.M(/ilv)N.'^. rep.'Z*’ = rep,‘i\r'‘ = rep.'Jf" . 
[*333-41] (1) 

I" . (1) . D I" : Hp . D . {fijv) ^ 6 1 — ► Cls (2) 

Similarly h : Hp . D . (jijv) ^ e Cls -♦ 1 (3) 

1- . (2) . (3) . D 1- . Prop 

*350*61. h ; K e FM ap conx . j/ e NC ind — i‘0 . D . 

(O/i/) ^ e 1 -♦ Cls . a‘(0/i/) ^ AC. = /r. . D‘(0/|/) t>c. = \ s'C"* [*360*34] 

*360*611. 1- :Hp *350*51. D. 

iylQ) C /r. e Cls -> 1 . D‘(i»/0) D *. = *. • CI‘(j//0) t = l‘I T s'Q"* 
[*350-51 . *303-13] 

*360*52. 1- : * e FM ap conx . X e C‘H .D.X^/c. el— ♦! 

[*360*5 . *304*34 . *333*2] 

*360*621. 1- : ap conx. X6C‘ir'.D.Zt/r.el-> Cls 

[*350-52*51. *303*1] 

*350*63. I- : Hp *350*5 . 3 . ((/*/!) D *4 1 D *4 ^ (/*/»') D 'f* 

De7n. 

\- . *360*4 . 3 1- ; Hp . Z {(/t/1) Ik,}M.M {{Ijv) ^ iV . 3 . 

z, ilf, € AC. . a ! z rt Jif** . a ! jST n j/** . 

[*333*48] 3 . Z, Jlf, JV € AC. . a 1 Z” r» Jlf'*’'*” . a 1 n . 

[*333*47] O.L,M,N e ac. . rep,‘Z- = rep.'Jf'*^''* = rep^'ilT'* . 

[*360*41] 3 . Z {(/jt/v) ^ AC.} ; 3 I- . Prop 

*360*64. 1- : Hp *350*5 . 3 . {(!/»<) t k,} | {(m/1) t «.} = 

Dem. 

H. *360*41. *332*241. 3 

1- :. Hp . 3 : Z [{(1/,;) t *4 I D *41 ^ • 

(ailf) .L,M,NeKi. rep^'Z" = M = rep«‘i\^'‘ . 
= .L,NeKt. rep.'Z'* = rep.'ilT** . 

= . Z (m/f) 3 1- . Prop 


[*332*22J 

[*360*41] 
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«350'66. ; Hp*3o0‘5 . D . {(/*/l) C *■•} 1 {(p/1) D **! “ ((m p)/1) D ** 

= {(p/l)D«‘)l {(m/1)C**} 

JJeni. 

I- . #350-4 . D I- Hp . D : Z [{(^/l) t «.{ i {(p/1) t *4] ^• = ‘ 

(aj ¥) . L, M, N € ^ \ L f\ M>^ . <^1 M f\ N” . 

[#333-47] = . (gil/ ).L,M,N eK,.^\L r\M>^ .M = rep,‘i\r‘' . 

[#333-21] ^ .L,N eK,.^\L r\ {x&p/N''Y . 

[#333-47] =. L,NeK,.L = rep«‘{(rep,‘JV’-y‘j . 

[#333-24] = , L,Ne K^, L = i-ep,‘(i\^'')^ . 

[#350-41.#301-5] = . L [{(k Xj fi)/l} ^ *.] N (1) 

h.(l). #113-27. DI-. Prop 

#360-66. 1- : Hp *350-5 . D . ((l/yx) t k,\ | {(1/v) D /c.) = {l/(/u x. i/)j t 

= {(1/p) D 'f.} I {(!//*) t «.) [*350-55 . #303-13] 

#360-6. hixeFM&p conx . X, YeC‘H .D .{Xt *•) ^ {X x, Y) ^ 

Dem. 

f- . #304-34 . D 

h : Hp . D . (g/i, v, p, or) . p,,v,p,er e NC induct — l‘0 . X = p^jv . F = pjcr (1) 
h . #350-54 . 3 I- : /c e FM ap conx . /*, v, p, o- e N C induct - t‘0 . 3 . 

{(Wp) t *4 1 {(p/o’) D '*^4 = {(i/p) t *4 1 {(p/i) t *4 1 {(I/o’) D )l {(p/i) t «4 

[#350-53-54] C {(1/^) t «4 i [W t «4 I ((Wl) i *.} I {(p/1) C >^4 

[#350-56-55] e {l/(i' X, er)) I «. | {(p x„ p)/l] I k, 

[#350-54] Q [(p x„ p)/(v x„ cr)\ I k, 

[#305-14] Q.\pIv Xgpjff]^ (2) 

h . (1) . (2) . 3 H . Prop 

#360-61. !-:.«€ FM ap conx . X e C‘H . 3 : il/ = (X ^ Ac.)‘iV’ . = . iV = (X ^ 
[#350-52] 

*360-62. 1- : « eXifap conx . X, Ye C‘H' .R,S,TeK. RXT.SYT.-^ . 

(R\S)iX +,Y)T 

Dem. 

i- . #350-43 • 3 H : Hp . X = pjv . Y = p/<r . 3 . 

i2-=r'‘./S'=?’o 

[#301-5] 3 . = 2’“^';'' . 

[#330-57] 3 . (JR ] 8y^'‘<’ = F(MXc-r)+c(.'Xcp) . 

[#350-41.#306-14] 3 . (« | S) (X +, F) F : 3 I- . Prop 
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*360’63. h : /c e FM ap conx . X, Ye C‘H . L, M, Ne k,. LX X , M YN . D . 

\rei,AL\M)}{X+,Y)N 

Deni. 

h. *850-4 1 .D 

h : Hp . X = imJv . )' = pja . 3 . rop.'i/" = rcp^'iV^'* . rcp/M’’ - rep.'iV'’ . 
[*882-<Sl] 3 . rep,*//'-^"' = rep.'iV'*^"' . rep«‘71f = rep«‘iV . 

[*832-38] 3 . rep,‘(/^‘''""’ | . 

[*832-cS] 3 . rep,‘(// 1 = rop,‘iV''‘^“'' uc'X.p) _ 

[*882-82] 3 . rop,‘{i-ep«‘(/i | = rep* . 

[*350-41] 3 . !i'op,‘(Z. 1 M)\ [l(/x x„ a) (v p)]/{v x„ <t)] N . 

[*306-14] 3 . {rep,‘(/^ i M)} (Z +, F) : 3 h . Prop 

*360-64. h : Hp *8.50-63 .XHY.:>. !rcp*‘(^ I M)] ( F-* X) N 
Dem. 

h . *33215-81 .31-: Hp . 3 . = Cnv‘(rep,‘J>)'''-'''' (1) 

Thence the proof proceeds as in *350-63. 

*36066. h : Hp *850-62. 3. («!,»)( F-..Z)2’ [*.350-64 . *30821] 

*360-66. \-:^eFM ap con k.L,M. X eK,.X,Ye C‘Hg . LXX .MYX.’^. 

rep*‘(L I if) =(Z +3 F)p/c.‘iF 

Dem. 


h . *350-68 . 

3 






h :. Hp . IF 

= i-ep,‘(// 1 if) 

. 3 

iX,YeC*H.-^. 

1F=(Z+J F)t:*/Z 

(1) 

h . *350-64 . 

Oh 

:Hp(l). 

Xe 

C‘Hn. YeC‘H. 

3. TF =(Z+, F)t/c.‘Z 

(2) 

h . *350'68 . 

*307-1 . 3 h : 

Hp0).Z, FeC‘H„ 

.3. 1F=(Z+^F)D«.‘Z 

(3) 

h . *350 .34 . 

Oh 

: Hp.Z = 

- Oq 

. D . rep,t^(i 1 M) 

= if 


[*308-51] 





=(z+, F)t:«.‘z 

(4) 

Similarly 

h 

:Hp. Y: 

= 0, 

. D . rep<*(i/ 1 M) 

= (Z +3F)C/c/ir 

(-5) 

1-.(1).(2). 

(3). 

(4). (5). 

3h 

, Prop 




f 


R. & W. IlL 



* 361 . SUBMULTIPLIABLE FAMILIES. 


Summary of *351. 

A ‘‘submultipliable'’ family is one in wliich any vector can be divided 
into V equal parts (where v is any inductive cardinal other than 0), i,e. in 
which, if Re there is a vector S which is a member of k and is such that 
S'' = jB. The definition is 

* 351 * 01 . FM subm = 

FMf\tc{Retc.ve^Cind-i^{).':>R^,.{^S).SeK.R=^S^\ Df 

In open families, such as we are considering in this Section, S will be unique 
when R and v are given. But in cyclic families, as we shall show in 
Section D, there will be v values of S. For example, let ac be a family of 
angles. Then the vector-angle 2fnrjv has its i/th power equal to 27r for any 
integral value of /a, since 2^7r is the same vector as 27r ; and 2^7r/z; has v 
different values, since, considered as a vector, any angle 6 is identical with 
6 + 27r. In the present Section, however, these complications are excluded, 
owing to the fact that we confine our attention to open families. 

In virtue of *337*27, a family is submultipliable if it is serial and 
Cnv^^^/cg is compact and semi-Dedekindian (*351*11). 

When /c is a family which is open, connected, and submultipliable, if 
Leic^ and /leNCind — t^O, we have 

(gilf) . ilf e /Ct . rep^^M^ = L (*351*2). 

Hence if X is any ratio (excluding oo^, now and always henceforth), we 
have 

(*351*21). 

In order to obtain the same result for k, we have to assume that all powei*s 
of members of k are members of k (*351*22), but we can obtain the same 
result for k Cnv^^K without this assumption (*351*221), because of *331*54, 
which shows that in any connected family all powers of members of «uCnv^V 
are members of /c\j Cnv^^/c. 

In virtue of the above propositions, the propositions on products and 
sums of ratios, which in *350 only stated inclusions, now state identities. 
Thus if X,YeC^H\ we have 

(X D /r,) I ( F C Kd - {X X, F) t K, (*351*31), 
rep/((Z t k,^L) 1 ( F t k,^L)] = {X F) t kJL (*351*42), 
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where Letc^ \ also 

rep/{(Z t Ac/Z) 1 {Yl kJL)} = (X Y) ^ kJL (*351-45). 

The corresponding propositions for ratios confined to k instead of to /c* 
require the additional hypothesis s^Yoti^/cC k, because this h 3 rpothe 8 is is 
required in *351*22; on the other hand, in the analogue of *351*42 ‘*rep«** 
does not appear, and we have (with the above hypothesis) 

(X p k^R) I ( F t k^R) = (Z +, F) t k^R (*351*43), 
where Rck, For ratios confined to ArwCnv^'/c instead of to k, the corre- 
sponding result can be proved without the hypothesis C k (*351*431). 

It will be observed that the hypothesis a^Pot^^Af C/cis satisfied if is a group, 
though it may also be satisfied when tc is not a group. Since a transitive 
connected family is a group, a transitive connected family always satisfies 
a^Yot^^fc C /V, as has been proved already (*334*132). 

*351*01. FM subm = 

FM r\ K [R € K , V ind — i *0 • Dij, „ • (’ 3 , 8 ) • 8 e tc • R=^ 8 ”] Df 

*351*1. h K € FM mhm . = :/c€Fif :iie/ic.i/eNCind— 

(gS) . S e . iJ * S*' [(*351*01)1 

*351*101. h : a ! ZJf subm . D .Infin ax [*351*1 . *301*16 . *300*14] 

*351*11. h : /c € FM sr . Cuv^s^k^ e comp n semi Ded . D . ac e FM subm 
[*337*27] 

*351*2. h /c € FM ap subm conx • D : /a e NC ind — i^O . Z e . D - 

( 3 M) .Mck^. rep/M**^ = Z 

Bern, 

h . *351*1 . D h : Hp . ya e NC ind — e*0 . Q, JK e ac . Z = Q | iJ . 3 . 

(’ 3 S,T). 8 /r€K.Q^ 8 ^.R^l>. 

[*332*53] 3 . (g/S, T) . S, T € AC . Z = rep/(S | : 3 h . Prop 

*351*21. H : Hp *351*2 . X e G^H ' . Z e aci . 3 . E ! X ^ ac/Z 
Bern. 

h. *351*2. *332*61. 3 

h : Hp . /i, i; € NC ind - 1^0 . Z =: /a/iA . 3 . ( 3 M ) . ilf € ac, . rep/J/^ = rep/Z*' . 
[*350*41*5] 3.E!Z^ Ac/Z (1) 

h. *350*34. 3 

h : Hp^. /a=a 0 . V e NC ind — i^O . Z = ^jv . 3 . Z ^ ac*^Z = Z «'Q^^ac (2) 

I- . (1) . (2) . 3 h . Prop 
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*361 22. h : Hp *3512 . s‘Fot“/c Ck.X<: CHI ' . E e /c . D . E ! A' ^ 

Devi. 

V . *301'22 . D 1“ : Hp . /*, i< € NC ind . i' 4^ 0 . 3 . ii** e k . 

[*3511] , = 

[*350-4.*331 -12] D . (aS) .Ssk.S ( fijv) R (\) 

l-.(l). *350-521 .Dh . Prop 

*351-221. h : Hp *351-2 . X e C‘H ' . X = /r w Cnv“« . R e\ .El X t\‘R 
[Proof as in *351-22, using *331-54] 

*3513. I- : Hp *351-2 . /i, e NC ind . »> 4 0 . D . 

Devi, 

h . *350*41 . D h Hp . /Lt=f 0 . D : 

L [ifilv) ^ ^tl • = • /v, N e K,, rep*‘//'' = i*ep^‘iV'^ . 

[*351*2] = . (gil/) eL.M^N €k^.L — rep«^i(/^ . rep^^X*' = rcp^^iV'^ . 

[*333*24] = . (a-J /) , L,M,N € fc^ , L — rep/3/'^ . = rep^^iV''^ . 

[*333*44] = . (a-^) • L, MyN e , L ^ rep^^i/^ . rep^^il/*' = rop^^iV' . 

[*350*41] = . (aM) . L {{fill) Ik,]M.M [(Ijv) I /.4 N (1) 

h. *350*34. Dh:.Hp./^ = 0.D: 

L Mv) Ik,]N .NeK, (2) 

h . *350*34 . *351*21 .Dh:.Hp./x = 0.D: 

^ KWl) t ^ 4 } I {(1/^) .Nefc, (3) 

l-.(l).(2).(3).Dh.Prop 

*361*31. h : Hp *351*2 .X.Ve C^H' .0 .(X I k,)i{YI k,) = (X x, Y) I k, 
[Proof as in *350*6, using *351*3 instead of *350*53] 

*361*4. h : K€ FM ap subm conx . /i, p, cr e NC ind . v ^0 , a ^0 , L e . 

rep/[{(M/i^) t fc.^L] I [(pjcr) p k,^L]] = (p/i/ +, p/or) I k,‘L 

Dem, 

h • *350*41 . D h : Hp , (} . p^O . M = {pijv) ^ /c/X . D . repit^J/" = rep,c^X^ • 

[*333*44] D . (1) 

Similarly 

h : Hp . /i + 0 . p =1= 0 . iV^ = (p/o*) ^ . D . = rep,c^X*'^'^* (2) 

h . (1) . (2) . *333*34 . *332*33 . D 

h : Hp(l) . Hp(2) . D . rep,c^(-Jf I iV’)*'^®^ = rep/{X<^’<®‘^> | . 

[*301*23.*333*24] 3 . [rep„\M | = rep/X^^^«<>^ +c(»XcP) , 

[*306-14.*3o0-41] D.rep/(Jifl Ar) = (/*/i/.4<ip/<r)^*.‘Z , (3) 

P . (3) . *351-21 . *350-34 .DP. Prop 
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^351*41. h : /c 6 FM ap subm conx . C k . 

fi, Vyp,a e NC ind .i/=f0.<7=^0.iie/c.D. 

KW") t *‘^} i {(p/o’) t = (P’/*' +« p/o’) t 

Dem. 

h . *351-21-22 . D 

h ; Hp . D . (/j-lv) ^ k‘R = (/m/v) ^ Ki‘R . ip/a) ^ k‘R = (p/ff) ^ k,‘R (1) 

h . (1) . *332-241 . *331-24-33 . D 

h : Hp . D . {(p,/v) C k*R} i {(p/ff) I k‘R] = rep/[{(/i/i/) ^ /e/Ej j [{p/ff) I Ac.‘/?i] 
[*351-4.(1)] = (p/p +, pla) lK‘RtOh. Prop 

^351*411. : Hp 5|t351*4 . \ = /c u Cnv^^/c . e \ . D . 

{(p/p) t \‘S} I l(p/<r) t \‘S} = (p/p +, pI<t) t \‘8 
[Proof as in *351*41, using *331*54] 

*351*42. b : K€ FM ap subm conx . X, Fe C^H ' . Z 6 at* . D . 

rep/l(X I k,^L) I (F D /r/Z)} = (X +, F) t [*351*4] 

*351*43. h : a: 6 FM ap subm conx . s^PoI^^a: C a: . X, Fe . 72 e /c . D . 

(X I k^R) I ( F ^ k^R) = (X +, F) I k^R [*351*41] 

*351*431. h : Hp *351*42 . \ = /^ u Cnv^^A .SeX.O. 

(X I X^S ) ! (Ft X^S) = (X +« F) t X^s [*351*41 1] 

*351*44. b : K e FM ap subm conx . 

p, Vypy<T € NC ind . 1 / 4^ 0 . cr 4= 0 . (pja) H' (pjp) , Le k^.D • 
i-ep,‘[ {(/*/«/) t k‘L] I {(p/a) t = (p/p -,pI<t) P k,‘L 

Dem, 

As in *351*4, 

f- : Hp . M = (pi/p) t fCi^L • X = (p/o’) t ^c^Z . D . 

{rep/(il/ 1 = rep/{/>'<‘'‘^ | (1) 

b . *.301*23 . *308*13 . D h : Hp . r = (/a a) (px,p).D. 

V./ V./ 

1-0 p,‘j = rep,‘jr.^ j /)''*■■'’ , Z'”'''’} 
[*72-59.*332-25] = rep/Z" (2) 

l-.(l).(2).*350-41.3 

h ; Hjj(l) . Hp (2) . D . rep<‘(il/ i JV) = {t/(i/ o-)} ^ x/L 

h . (3) . *308-24 .Dh. Prop 


( 3 ) 
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*361*441. H : « e FM ap subm conx . 

/t, y, /», o* e NC ind . y ^ 0 . <r ^ 0 • (/*/y) H' (p/o') . Z e • 3 • 

. rep,‘[f(/*/y) I k*L} | {(p/o*) ^ k*!]] = (jifp pja) ^ /e.‘Z 

Dem. 

h . *332*15 . *303*19 . J 

h : Hp . D . rep.‘[{(,./y) I k‘L] \ {(p/«r) D ^.‘Z)] = ^ 
Cnv‘rep,‘[{(p/o-) t /e.‘Z} | {(/t/y) I k*L]] 

[*361*44] = Cnv‘(p/o* -,/*/y) t k‘L 
[*303*19] = (p/o* p/y) t tc‘L 

[*308*21] = (p/y p/a) p ze/i : 3 h . Prop 

*351*45. h ; /c e FM ap subm conx . X, Ye C‘H ' . Z e x, . 3 . 

rep/{(Z t k‘L) I (F P k‘L)\ = (X F) D *.‘Z 

Dem. 

I- . *351*21 . *350*34 . *308*12 .3h:Hp.Z=F.3. 

rep/{(Z t k<L) I ( F C Kd)] = I r = (Z F) t k‘L (1) 

h . (1) . *351*44*441 . 3 h . Prop 

*361*46. 1“ : x 6 FM ap subm conx . s‘Pot“« C * . Z, Fe C‘H' .Bex .0 . 

(Cnv‘ YtK*R)\{Xl x‘R) e ze. 

Dem. 

h . *351*22 . 3 h : Hp . 3 . Z ^ K‘Re x . F^ x‘R ex . 

[*37*62] 3 . Z ^ x‘R e zK . Cn v‘ F p x‘R e Cnv“x : 3 h . rrop 

*361*47. K : Hp *351*46 . 3 . (Cnv‘ F t x‘R) | (Z ^ x(R) = (Z F) t x‘R 
[*351*45*46] 



*362. RATIONAL MULTIPLES OF A GIVEN VECTOR. 


Summary of *352. 

By a ** rational multiple ” of a given vector in a family k we mean, if we 
are dealing with any vector in the family which has to the given vector 
a relation which is a member of and if we are dealing with we mean 
any member of which has to the given member of ic^ a relation which is 
a member of G^Hg, We will call the former ‘‘rational /r- multiples ” and the 
latter generalized rational multiples.” It will be observed that if k contains 
pairs of members which are each other’s converses, only one member of such 
a pair can be contained among the rational /c-multiples of a given member 
of Ky provided k is an open family. Hence the rational /^-multiples of a given 
vector all have one “ sense,” even if this was not the case with the original 
family. 

Rational multiples of a given vector T can be arranged in a series by 
correlation with their measures with T as unit. These measures are ordered, 
in the case of rational ^-multiples, by the relation H\ and in the case of 
generalized rational multiples, by the relation Hg, Moreover if X is the 
measure of a given member of k with T as unit, the given member of k is 
k'\ A>pX\ while if X is the measure of a given member of K^y the given 
member of is AjfX, Hence the rational /c-multiples of T are ordered 
by the relation k"] A^fH^ and the generalized rational multiples are ordered 
by the relation /Ct"] Arp^Hg, These two relations, therefore, are the relations 
we shall consider in this number. We put 

*36201. Df 

*36202. T.,,^K,^ApyHg Df 

We assume throughout this number that k is open and connected. In 
dealing with 2^, we assume Tetchy and in dealing with T,ci, we assume 
We then prove the following propositions among others: 
fc^Ap[ G^H' € 1 1 (*35212), 

• K,^Ap[ G^Hg € 1 1 (*352 15), 

i.e. the relation of a rational multiple of T to its measure is onerone. 
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n, r^eSer (★35216-17). 

Observe that this requires only that k should be open and connected. The 
serial property results from the correlation with H' or Hr 

C‘T, = Kr^ Ar“C‘H ' . O'T,. = /r. « (*352-3-31). 

If 8 is any non-zero member of C^T^y (^le352*41), i,e. the rational 

/f-multiples of Tare the same as those of any rational /c-miiltiple of T\ with 
a similar proposition for C^l\i (*352*42). 

RT,cS, = : RyS € fc f\ : (^fjL,v).fi,v e NC ind ./i < v,R^ 8**^ (*352*43). 

This is a convenient formula for and leads immediately to 
T, = {^^jy'^(l/l)} Ar^^C^H') (*352*44). 

Observe that ff'^(l/l) is the class of rational proper fractions, including 0^. 
By *352 44 and *352*41*3, we see that, if 8^ I [ 

8 € .'^.8,==T, (*352*45), 

i.e. the order of magnitude of a set of vectors which are rational /^-multiples 
of a given unit is independent of the choice of the unit. 

In order to establish the analogous property for we first prove a 
formula analogous to |e352*44, namely 

T,, = Cnv5(^^^^(l/1)} I (/,, n Ar^^C^H) ^ 

[s^H'\l/l)] p (k, f> (*352*54). 

Here the first term gives the. series of negative multiples of T, while the 
second gives the series of positive multiples of T (including I 

From the above formula it follows, as in the case of T,c, that if aS is a 
positive multiple of T (not including /p,9^0[‘^^), 8,c^—T„,y while if aS is a 

negative multiple of T, ASi,ct= T,ct (*352*56*57). 

Finally we deal with the relation of to Here we have to assume 
that K is a serial family. We then find that with its field confined to 
rational A:-multiples of T is the converse of ie. we have 

*362*72. \-:k€FM^v.T€k^.D.U, IC^7\ = /c 1 Ar‘’H' - T, 

*362*01. T,=:K^Aj.yH' Df 
*36202. = Df 

*362*1. h RT.,8, = :Ry8€K: (gZ, F) . ZFT. RXT.8YT [(*352*01)] 
*362*11. VuRT,,8.~i iJ, 8 e k, : (gX, 1") . XH^ Y . RXT.8YT [(*352*02)] 
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«362'12. h : « e FM ap conx .Te . ic^ C‘H' e 1 — » 1 

Dem. 

h. #336-1. :^ViR{>c'\AT\C‘H')X. = .ReK.X€C^H' .RXT (1) 

h. *.350-521. •iVi^^.R,8eK.XeC‘H' .RXT.8XT.-^.R = S (2) 

I-. #350-44. ■^ViY{^.ReK^.X,YeG‘H' .RXT.RYT.-^.X^Y (3) 

1- . #350-.34-4 . D 

h ; Hp . = / [s‘a“K . X, YeC‘H ' . RXT.SYT. D . X = 0, . r= 0,, (4) 

\-.(9).(4).Oi--.H^.ReK.X.YeC‘H'.RXT.8YT.O. X=Y (5) 

h . (1) . (2) . (5) . D h . Prop 


#362-13. h ; « € FM ap conx . T e .D . A /‘C^H C 
Dem. 

h . #350-4 . D h ; Hp . e /«. n . D . 

(aM. «')•/*. «'eNC ind - 1‘0 . a ! i2- A 2V . 

[#333-101] D . i2 « /«:,g : D I- . Prop 

#362 131. f- ! Hp #352-13 . 3 . a Ar^C^Hn = CDv“(/t. a At**C‘H) [#.3071] 

#362-132. 1- : Hp #35213 . 3 . /r. a AT*‘C‘Hn C *.9 [#352-13131] 

#362'14. h : /c e FM ap conx . T e . 3 . a Af“C*H' a Aj-**C‘Hn — A 

Dem. 

I- . #.307-1 . #3.50-4 .#352132 . 3 H ; Hp . ii.iS e . 22 6 A . S 6 Ar“C'‘H' . 3 . 

(HM. "> p. p. * NC ind .i/4=0.p^O.<T=^O.B€/c,9. 

rep,‘.B' = rep/r" . rep»‘/S' = rep^'r' . 
[#333-44] 3 . (aM> *'> p> • P’. *^1 P. .v^O.p^O.ff^O.Re *,9 . 

rep.'.B’'^''’ = — rep.'S"'’'-'' . 

[#333-47] 3 . (af. »;) . f 7, 6 NC ind . 0 . 3 ! A . 22 e *,9 . 

[*71192] 3.(af.7?).f.77€NCind.f + 0.a!/A22f|-S’'.22e*,9. 
[*333101.Transp] 3 . 224= S : 3 h . Prop 

#36216. h : * 6 FM ap conx . T e ac, 9 . 3 . «, ] A j. [ e 1 -♦ 1 

Dem. 

h . #336-1 . 3 h : Hp . 22 (/t.1 Ar r C‘Hg ) Z . 22 («.1 Ay [ C'H,,) 3 . 

ReK..X,YeC*Hg.RXT.RYT (1) 

h . (1) . #.3.52-14 . 3 h ;. Hp (1) . 3 : 

ReK,.X,YeC‘H' .RXT.RYT.v.R€k..X,Y€C*H„.RXT.RYT: 
[#307-1 .#350-44.#352-13-132] 3 : Z = F (2) 

t- . #336-1 . 3 h : Hp . 22 (/c. 1 Ar [ (7‘22,) Z . -S(*:. 1 Ar [ Z . 3 . 

R, 8 e K, . X e C‘Hg . RXT . 8XT . 

[#350-52l.#307-l] 3 . 22 = -S (3) 

I- . (2) . (3) . 3 h . Prop 


28 
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*35216. f-rjeeFJfapconx.iTc^g.D.r.eSer [#36212 . *304'48] 

*35217. H : KeFM&pconx . Te Ser [*3521 5. *307 45 .*30423] 

*352 18. h ; « e FM ap conx . «‘Pot“«g C /cg . a Cn v“i«:g — A . T e xg . D . 

/cA A,.“C/‘/f„ = A 

Dem. 

h. *350-43. D 

t-;.Hp./i,peNCin(l-t‘0.Z=(/i/i»)|Cnv.S6/e.D:SXT. = .S- = r'‘. 
[Hp] D . /S'e/cg A Cnv“*g (1) 

I- . (1) . Transp .31-: Hp . 3 . ~ (a.X^, 8).X e C‘H„ .Sex. 8X T : 3 h . Prop 

*352-181. l-:*€FJI/init.7'e*g.3.xA Ar“C‘.H„ = A [*352-18 . *335-21] 

*352 2. H : K 6 FM ap conx . T e /eg . 3 . (/ [ .«‘Q“/e) T 

Dem. 

1- . *350 .34 . *331 -22 . 3 h : Hp . 3 . (/ [ s‘a“/c) 0, 2’ ( 1 ) 

I-. *.350-31. 3h:Hp.3.2’(l/l)y (2) 

h. *304-45-48 . 3l-:Hp.3.0,ff'(l/l) (.3) 

h . (1) . (2) . (3) . *352-1 . 3 h . Prop 

*352 21. h : /e e FMap conx . Tc /e,g . 3 . (/ [ s‘(I“/e) T*,, T [Proof a.s in *352-2] 
*352 22. H : /e € FM ap conx . T c /eg . 3 . g ! T, [*352-2] 

*352-23. h : /e € FM ap conx . T e /e,g . 3 . g ! T*, [#352-21] 

*352-3. h : /e € FM ap conx . T e /eg . 3 . = /e a Ajf*C‘H' 

Dem. 

*.350.31 .*.304-48.3 

I- : Hp . Z e C'/f' . Z + 1/1 . 3 . A" (^' c/ .ff') (1/1) . ^(l/l) r . 

[*.3061] 3.Ze(/f'c»ir')“Ar“/e (1) 

H . *350-34 . *331-22 . *.304-45 48 . 3 

1- : Hp . Z = 1/1 . 3 . XH' 0, . (/ [ s‘a“/e) 0, T . i [ *‘<1“* e ^ ■ 

[*.3061] 3.Z«.ff'“Ar“/e (2) 

l-.(l).(2). 3h:Hp.3.C‘^f'C(/f'c».&')“A/‘/e (3) 

h . *150-201 . 3 t- : Hp . 3 . C"?', = /e 1 c» ')“-4/f/e . 

[(3)] 0.k^At“C‘H'CC‘T, 

h . (4) . *150-202 . 3 h . Prop 


( 4 ) 
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«352'31. h : « e FM ap conx .Tck^.O. = K^n AT“C‘Hg 
Dem. 

As in *352-3, h ; Hp . 3 . C^H' C {Hg c; (1) 

h . *350-31 . (*307-05) . 3 1- : Hp . Z e . 3 . XH, (1/1) . ^(l/l) T . 

[*336-1] O.X€Hg*‘A/‘K (2) 

l-.(l).(2). 3l-:Hp.3.0‘^,C(FjC;^,)‘Mr“/e (3) 

h . (3) . *160-201-202 .31-. Prop 

*352-32. h ;. Hp *3523 .X,Ye C‘H' . X t k‘T .S=Yt k‘T .0 : 

RT^S . = . XH'Y [*3521 . *350521] 

*352-33. h :. Hp *35231 .X,Ye C‘Hg . R = XI kJT . S= Y^ k‘T . 3 ; 

RT^,S . = . XHg Y [*352-11-15] 

*352-34. h ;. Hp *352-3 .'^:RT,T. = . (gZ) . XH' (l/l).R = Xt k‘T 
[*352-1 . *350-521-31] 

*352-341. I- :. Hp*352-3 . 3 : T’T’.iZ . = . (gZ) . (1/1) H'X .R^XIk‘T 

*352-35. h :. Hp *352 31 . 3 : ET,. T. = . (gZ) . Z^, (1 /I) .R^X^k'T 
[*352-11-15] 

*352-351. I- :. Hp *352 31 . 3 : TT,,R . = . (gZ) . (1/1) HgX .R = X t-r/T 

*352-36. h ; Hp *352-3 . s‘Pot“/«: Ck.D. PofT -i^TC 
Dem. 

h . *350-43 . 3 h : Hp . v e NO ind - t‘0 — t‘l . 3 . T’’{v/1) T . 
[*304-4.*352-341] 3 . rr, T' : 3 h . Prop 

*352-37. I- : Hp*3.52-31 . Te « u Cnv««: . 3 . Pot'^- 
Dem. 

h . *331-24-54 . 3 h ; Hp . 3 . PotT C 
Hence as m *352-36. 

*352-38. V : Hp *352 31 . 3 . rep/‘(Pot‘7’ - i^T) C VjT 
Dem. 

V . *332-61 . 3 h : Hp . 3 . rep,“(Pot‘r- i*T) C ac. 

Hence as in *352-36. 


*352-41. h ; * e FM ap conx . S, Te ACg . <S e O'r, . 3 . 

C*S, = C‘T,^Kfs Ajf‘C‘H' = Kn As“C‘H 

Dem. 

h . *352-3^ *360-43 . 3 H : Hp . 3 . (g/t, p) . /a, p e NC ind - . S<^ = T" . (1 ) 
[*352-3] D.TeC^S^ (2) 
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h . (1) . #352-3 . #350-43 . D h : Hp . i2 e C‘8 ^ . D . * 

(3/** p. p> O’) • /*) p. o" € NC ind — 1‘0 . p e NC ind . S'* = r" . 22' = S ‘‘ . 
[#301-504] D . (g^, v, p, <r).p,,p,<Te NO ind — 1‘0 . ^ e NO ind . =« . 

[#352-3.#3o0-43] ^.ReC‘T, (3) 

l-.(2).(3) J|.Dh;Hp.i2€0‘y«.D.i2eC"S« (4) 

h . (3) . (4) . #352-3 . D h . Prop 

#362-42. \-:>ceFM<ifconx.8,Te /e.a . e O'T*. . D . C‘S„ = C'T.. 

Dem. 

h . *352-3 . #3.50-4 . #3071 . D 

I- Hp .’D ; (g/i, v):p,,ve NC ind - t‘0 : g I (S'- a T" . v . g ! <8” n T** ; (1) 

[#352-31] D: re O'/Sf,, (2) 

h . (1) . #352 3 . #350-4 . #3071 . D 

I- Hp . R € C‘S,, . D : (g/t, v, p, a) : p,,v,a-e NC ind — l‘0.pe NC ind : 

g ! jS' A r**. v.g ! a r<* : g ! A /S'* . v . g ! 22' a : 
[# 333-48] D : (g/i., »*, p, O’) : /u., v, ff e NC ind - t‘0 . p e NC ind : 

g ! R<'^’i^ A . V . g ! 22'’'"'* a : 

[#352-31] ^ OiReC^T,, (3) 

h . (2) . (3) . D H : Hp . 22 e C‘r„ . D . 22 € C‘8,. f4) 

h . (3) . (4) . D h . Prop 

#352-43. h :: «c ejPJI/apconx . Te . 3 

RT,8 . = : 22, /Se « A At“C‘H' : (g/t, »*) . p, p e NC ind . p < 1/ . j^*- = /S'* 

Dem. 

h . #33-17 . D I- : RT,8 . = . 22, /S e . RT^S (1) 

h . (1) . #352-3 1 . #3.50-43 . D h :: Hp . D 

RT^8.~. : i2,/Se/cA .4 y“C‘//' : (gp,o’,^,7;).ff,^,»j eNC ind — t'O.p eNC ind. 

p X,1J < O’ Xo ^ . 22' = ri* . /S” = rf : 

[#333’5] = i R,S e K r\ A'p“C‘H' : (gp,o,f, •»?).o’,f,i7e NC ind — I'O.peNC ind . 

px„7)<ax^. 22'x«« = = /S'*^**' : 

[#126-14] D:22,/Se/«A^/‘C'‘^':(gp,i/).p,»-eNCind.p<»;.K*'=/S'‘ (2) 
I- . #350-43 . *304-4 . D 

I- 22, /S e x A Ar“0‘H ' : (gp, v) . p. ./ e NC ind . p < ./ . 22' = /S'* : D : 

22, ,S e « A Ajf‘C‘H ' : (gX) . XH' (1/1) . RX8 : 
. [#336-1] 3 ; 22, .S e « ; (gX, Y, Z) . X^' (1/1 ) . F, Xe . RX8 .RYT. 8ZT : 

[#350-6.#305 71-51] 3 : 22, -S e /c ; (gX, Z) . (X x, Z) H'Z .R{Xx,Z)T. SZT : 
[#352-1] 3!Br,/S • (3) 

h . (2) . (3) . 3 h . Prop 
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*362-44. ViKeFMa,^ conx . T e k-^ .O . T, = ja‘i/'‘(l/l)} C (« « A/^C^H') 
Deni. 

!■ . *362-43 . *304-4 . D h :: Hp . D 

imS . = :R,Seicn At"C‘U’ : (g-Y ) . Zi/'(1/1) . RXS D I- . Prop 
*352-45. h : /c e.J’Jlf apconx . S, reAg./SeO'r, . D . /S, = r, [*352-44 41] 

*362-6. \-’.KeFM ap conx . Te /<r.a . D . At>H' = k. o At“C‘U' 

[Proof as in *352-3] 

*362-51. I- '.KeFM apcoDx . T e . D . C'/c,] Afflln — K^f\ Aj,“C‘Hn 
Deni. 

I- . *150-202 . D I- : Hp . D . 1 Ar*H„ C a At^‘C‘H„ (1) 

h . *352-131 . D h : Hp . ie e AC. A D . (gX) .XeC‘H.ReK,. RXT (2) 

h. *304-23. Dl- :Hp.XeC‘fr-t‘(l/l).ie6Ac..iRXr.D. 

X{Hv>H){\l\).ReK,,RXT.T{\l\)T. 


[*307-1. *3361] D . i2 e OV 1 Aj^Hn (3) 

h . *352-38 . D h : Hp . Z = 1/1 . E € AC. . RXT. D . R (ac.] At^H) (rep/T**) . 
[*307-1] D . iJ € 0 ‘ac. 1 Aj.'^H„ (4) 

l-.(3).(4). Dl-:Hp.ZeC‘if..ft€*...BZr.D.jB6C‘Ac.1^r;/f„ (5) 

l-.(2).(5). Dh:Hp.D./r.A^r“a‘fl„C0‘*.1^r’^„ (6) 

H . (1) . (6) . D h . Prop 


*362-52. I- : ac eZil/ap conx . Te A A'p>H' 

= Cnv>Ac.-].4r»J? -^Ac. -j Aj.’^H' 

Dew. 

h . *160-43 . (*307-05) . D 

h . n. = «r. ] Ar^Hn c» Ac’l At'^H' ca (/r. ] t (a. 1 At“C‘H') (1) 

h . (1) . *352-5-51 . *307-1 . D h . Prop 
*352 63. h : AC e FM coax . T e Ac,g . D . 

AC.] {s‘ff'‘(l/l)} ^ (ac. a Aj'“C*H') [Proof as in *352 44] 

*362-631. h : Hp *352-53 . D . «.*] Ar>H= [s'H‘(l/l)} ^ (ac. a Aj.“C‘H) 

[Proof as in *352-44] 

*362-64. h ; Hp *352 53 . D . T„ = Cnv;{s‘^‘(l/1){ ^ (*. a Ar‘*C‘H) ^ 

{s‘H'\lll)} I (ac. a At‘*C*H') [*352-52-53-531] 
*362-66. h : AC e FM ap conx . S, T e . 8 e k. r\ Ax‘*C‘H . D . 

• AC. A As“C‘H' == AC. A x“C*H A s“C‘H = AC, A d 

[Proof as in *362 41] 
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iK352'56. h ; « € FM ap conx .S,T€K^Q.SeK^nA'^*C*H.'^, 
[*352-54-55] 

*352*57. K : « e FM ap conx .S,TeK^;Q.Se^c^f\A . D . = T,, 

[*352*54*55 . *307*1] 


*352-7. t- kcFM sr . X, YeC‘H ' . JPe kj . P,QeK.PXT. QYT . D ; 

PU,Q. = .XH'Y 

Pern. 

1- . *35218 . D h : Hp . Q | Pe . D . Q| P~€ . 

[*350*05] '^.X-,YeC‘H' (1) 

h.*350*52. Dh:Hp(l).D.Z + F (2) 

h . (1) . (2) . *336*41 . D I- ; Hp . Pt;,Q . D . Z Fe O'P . 

[*308*1 2*1 0.Transp] D . XH'Y (3) 

I- . *336*64. 3 I- Hp .~(P£7,Q) . D : P = Q.y .QU^P : 

[*350*44.(3)] 3 : Z = F . V . FH'Z ; 

[*304*48] D:~(zir'F) (4) 

h . (3) . (4) . D I- . Prop 


* 352 * 71 . h « e Pif sr . Pe . P, y € (7‘P. . D : PU.Q . = . P {At^H') Q 
[*352*7*3] 

* 352 * 72 . \-:KeFMiir.TeKf,.-^.U,tC‘T,=‘K^Ar’H’==T, [* 352 * 71 ] 

h ;. « € PJlf sr subrn . Z, Fe C*H' . Pe /cg . D : 

(ZD«‘P)f^*(F[:*‘P). = .zif'F [* 352 * 7 . * 351 * 22 ] 


* 352 * 73 . 



*363. RATIONAL FAMILIES. 


Summary of * 353 . 

A “ rational family ” is one which consists entirely of positive rational 
multiples of one of its members. We denote rational families by “Fif rt”; 
the definition is 

*36301. FMrt = FMf^i{{r^T).TeK^.KC Df 

It is obvious that, if fc is any family, Kr\ which we considered 

in* the last number, is a rational family. If /c is a connected family, it does 
not follow that k rs is a connected family, but the proofs of its 

properties, as we saw in * 352 , make use of the fact that it is contained in 
a connected family. Many of the most important properties of connected 
families hold equally of sub-classes of connected families, notably the property 
that two members of k or whose logical product exists are identical 
(* 331‘42 24 ). In dealing with rational families, a good many propositions 
can be proved by merely assuming that they are contained in connected 
families. We put 

*363*02. FMo\ = FM n X {(g/c) - k e FM conx . X C Df 

*363*03. FM rt cx = FJf rt n FM cx Df 

We will call a family ‘‘ sub-connected when it is contained in a connected 
family. When a family k is open, rational, and sub-connected, any member 
of may be taken as the T of the definition * 353*01 (this is proved in 
* 353 * 13 ) ; and if Sy T are any two members of some power of S will be 
identical with some power of T (* 353 * 12 ). An open rational sub-connected 
family is asymmetrical (* 353 * 2 ) ; no power of a member, and no product of 
two members, is the converse of a non-zero member (* 353 * 22 * 23 ). Hence by 
* 331 * 54 * 33 , if the family is connected, and not merely sub-connected, it is 
a group and transitive (* 353 * 25 * 27 ). 

If X is a family which, besides being open and rational, has connexity, 
then if a is a member of the field and TeK^ we shall have 

. s^X^^ Aa'^X^Af^H\UK^X^AffH' (* 353 * 32 * 33 ). 

That is, the series of points in the field and the series of vectors are both 
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ordinally sitiiilar to part or the whole of the series of ratios; they will be 
similar to the whole if X is subraultipliable (*353*44). But when X is 
submultipliable, a smaller hypothesis suffices, for in that case we can prove 
that if X is connected, then X* = X u Cnv^'X (*353*41), so that X has connexity, 
and is serial (*353*42). Thus we have 

«363'44. H : X e FM ap conx rt subm . D . i'Xj smor H' 

»353'45. h . FM ap conx rt subm C FM sr 

*36301. FMr[.^FMrx^c[{:^T).T€K^.KC.Ar"C‘H'\ Df 
*353'02. FM cx = FM n X {(g/i:) . k e FM conx . X C /cj Df 
*353 03. FM rt cx ^FMrlrs FM cx Df 

*363 1. I- /c 6 rt . = ; /c e FM : (gr) .Tsk-^.ic CA/'G*H' [(*35301)] 

*36312. f : X e /Wap rt cx . 6’, Te Xg . X C Aj.“C‘H' . D . 

(g^, v). ti,peNC ind . 4= 0 . S” = 2’'* [*360'43] 

*36313. f- : X e /’// ap rt cx . T e X^ . D . X C .4 ' 

Dem. 

K*3.531 2 . D h : Hp . S e Xj . X C Ag^C^H ’ . ft e X . D . 

(g/i, V, p, cr) . p,,v,p, a e NC ind.p4‘®**'4^0*®’4=0. R" = /S'* . y' = (S'* . 
[*333-5] 

D . (g/i, v,p, <r) . /i, i;, p, <r 6 NC ind . p 0. 0.<r 4^ . 

[*350-4.3] D . /e e 4 Oh. Prop 

*363 14. h ; Hp *35313 . D . X. C Ajf^G^Hg 
Dem. 

h . *35313 . D h : Hp . if, 6'e X . 3 . (gZ, F) . X, YeG'H' . RXT.SYT . 
[*3.50-65] D.(i?lN)(F-,Z)y. 

[*308-2] 3 . E I e 4 T‘‘G‘Hg : 3 h . Prop 

*353-15. h : /c e FM conx . T e k^."^ . k r\ A F‘G‘H' e FM rt cx 
[*353-1 . (*353-02)] 

*353-2. h : X e FM ap rt cx . 3 . Xg a Cnv“X 5 = A . X e FMasym 
Dem. 

h. *353-1213. 3 

h ; Hp . .ft, .R 6 Xg . 3 . (g/i, v) . n,ve NC ind — i‘0,R/^ = R'' (1) 

h . (1) .*301-23 . 3 h : Hp(l) . 3 . (g/t, i») . /i, i/ e NC ind — 1 ‘ 0 . R>^+'^'’<£.I (2) 
h. *333-101. 3h:Hp(l).3.Pot‘iJCRP/ < (3) 

h . (3) . (2) . Transp . (*334-05) . 3 h . Prop 
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^363‘22. I- : Hp *353'2 . 3 . s‘ Pot“\g a Cn v“\g = A 
Dem. 

V . #3531213 . #301-5 . D h : Hp . a e NC ind - 1‘0 . c Xg . D . 

(3^> v) . fi,ve NC ind — t*0 . = Ri ^ . 

[#301-23] D . (a/ii, f) . /X, i; e NC ind — i‘0 . G / (1) 

I- . #333-101 . #330-23 . D h : Hp . iJ e Xg . D . Pot'iJ G J . A ~ e Pot‘ie (2) 

H • (2) . (1) . Transp . D h : Hp . ^ e Xg . D • ~ g ! Pot‘i? a Cnv“X : D h . Prop 


#353-23. h : Hp#353-2 . D . (s‘X I “X)ACnv“Xg = A [Proof as in #353-22] 

#353 24. h : Hp #353 2 .XeFM con-x . D . s‘Pot“X C X [#35322 . #33154] 

#353-25. h :Hp #353-24. D.6-‘X I “XCX [#353-23 . #33133] 

>> 

#353-26. I- : Hp #353 24 . D . s'Xg i “Xg C Xg 
Dem. 

h . #35312-13 . D h : Hp . (S’ e Xg . D . (g/tt, v) . /lyve NC ind — 1‘0 . ii” = (S'* . 

[#330-57] D . (g/x, k) . /x, k e NC ind - 1‘0 . {R \ Sy = (8'*+*'' . 

[#333-101] D . g ! Pot‘(iJ | Sy a R[‘J. 

[#301-3. Tra'nsp.#331-23] 0 . R\Se Rl*/ (1) 

h . (1) . #353-25 . D h . Prop 


#353 27. h : Hp #353 24 . D . X 6 fiV trs asym [#353 26-2 . #334-13] 

#353-3. I- :. Hp #353-2 . i/ e NC ind - t‘0 . s‘Pot“X C\ .0:RU>.S .0 . R" UkS” 
Dem. 

I-. #336-41 . D h : Hp . D . (gT) .Te\^.R = T\8. 

[#330 57] D.(gr).reXg.i?' = !r‘'|(S"'. 

[#336-41. Hp] D . R” UkS" : D h . Prop 


*35331. 

Dem. 


I- :. X e FM ap rt connex .K, (SeX.i/eNC ind — t‘0 . D : 

RUkS. 


h . #336-62 . D I- : Hp . + (S . ~ {RU^S ) . D . SU^R . 

[#353-3-24] D.(S-trxiJ‘'. 

[#336-6-61. #353-27] D . ~ (R'’U>.S'') 

h. #336-6. Dh:Hp.2J = (S.D.~(iJ'f/(,(S-) 

. h . (1) . (2) . D I- : Hp . ~(i?C7xS) . D . ~ (B- ffA-S-) 

H . (3) . #353-3 . D h . Prop 


R-’U^S" 


B. & W. HI. 


( 1 ) 

( 2 ) 

( 3 ) 
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^353*32. h ; \ € FM ap rt connex . iTe . D . = X' 1 

DertL 

V . 9^8531 213 . ^S60-5 .Dh:Hp.i2,iSfeX.iB + /Sf.D. 

(3/a, V, py (t) . pby py pyor € NC ittcl . =f 0 • iT 4^ 0 . = T^ , 8^ . p^jv ^ pjo^ (1) 

h . (1) . *350-43 . D h :. Hp (1) . D : iJ (A 1 A/^H') 8.v. 8 (A 1 Ar^H') R (2) 
h . *301*5 . D 

h : Hp (1) , pbyVy py(T e NC ind .i/=}=0.a-=|=0.it*' = . 8^=^Tf* . px^a <iv Xq^.D. 

J^vXc<r l^vXctr ^{vXcp) -c{iA>^c<T) ^ 3 ^ 


1- . *334-21 . D h : Hp (3) . D . E I /S € \ w Cnv“\ . 

[*331-54.*332 241] 3 • (^ I = rep/(E | 

[*332-53.(3)] (4) 

1- .(4). *353-24-2. Dh: Hp(3).D.if|/S€\. 

[*336-41] D . 8U,R (5) 

h . (1) . (5) . *304-4 . D 1- : Hp . if (\ ] //') 6' . D . St/,/? (6) 

I- . (2) . *304-4 . D f- ; Hp (1) . ~ }E (\ 1 S) . D . S (\ ] xl t’H') R . 

[(6)] D./ft/,S. 

[*336-6-61 .*353-27] D.~(St/,if) (7> 

h .*336-6 . D I- : Hp . if = &'. D . ~(Si/,i?) (8) 

I- . (6) . (7) . (8) . D I- . Prop 

*363-33. h ; Hp *353-32 . a e s‘a“\ . D . s'Xg = A^iX '\Aj.’H' 

Bern. 

h. *336-43. DI-:Hp.D. t/;, = X] (1) 

I- . (1) . *336-2 . Dh:Hp.D.s‘Xa = ^„;t/^ (2) 

h . (2) . *353-32 . D I- . Prop 

* 353 - 34 . I- . 'FM ap rt connex C FM sr [*353-27] 

*353 4. h : X e FM ap rt cx . s‘Pot“X C X . Z e X,g . D . 


(go-) . <r e NC ind — 1‘0 . rep^'Z" e X w Cnv“X 

Bern. 

h . *353-12-13 . D 

I- : Hp. D. (a/t, V, if, S). /r.i/eNC ind. if.SeX.Z =«!&'./* + ././?•' = S'* (1) 
l-.*301-23.D 

i- :. Hp . i» e NC ind . if, S € X . if" = Si» . D ; /* < V . D . .R' I S- = S""'" . 
[*332-53] D.rep/(5|S)"€X (2) 

Similarly I- :. Hp (2) . D : /4 > 1 / . D . rep,‘(if | Sy e Cnv“/r ' (3) 

l-.(l).(2).(3).Dh.Prop 
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^63'41. h ; \ € FM ap conx rt subm . D . = X v» Cnv“\ 

Dem. 

V . *353-4 . 3 

I- : Hp . L e \,g . D . (gR, <r) . iJ e \ w Cnv“\ . <r e NC ind — 1‘0 . rep^'X®^ = R' , 
[*333-41] 3 . X € X w Cnv“X : 3 I- . Prop 

*363-42. h : Hp *353 41 .0.XeFMsr [*353 41 . *334-26 . *353 27] 

* 353 - 43 . I" : X 6 FM ap cx rt subm . 2*6 Xg . Potid*? C X . 3 . C‘H' C Ajf‘\ 
Dem. 

I- .*351*1 .31-: Hp . fi,v€ NC ind . v 40 . 3 . (gS) . S e X . N® = T** . 
[*350-43] 1>.('^S).Se\.S(n/p)T (1) 

b . (1) . *336-1 . 3 h : Hp . a: e G‘H' . 3 . (gS) .Se\. SAj.X :3b. Prop 

* 353 - 44 . b : X € FM ap conx rt subm . 3 . s‘Xg smor H' 

. Dem. 

b . *3.53-42-33 . 3 b : Hp . o es'H^X . 3 . i‘Xg = 4„;x] (1) 

b. *353-43 . 3b:Hp(l).3.(7‘H'Ca‘(^„|Xl4r) (2) 

b . *336-2 . *352- 15.3b:Hp(l).3.^»|XlJ.rI‘ C‘H' e 1 -♦ 1 (3) 

b.(l).(2).(3).3b.Prop 

*353'45. b . FM ap conx rt subm C XWsr [*353*42] 



*364. RATIONAL NETS. 


Summary of *354. 

The subject of “ rational nets,” which is to be considered in this number, 
is of importance for the introduction of coordinates in geometry. We have 
three stages in the construction of a rational net. First, taking any vector 
T in a family «, we construct i.e. the positive rational multiples of T, 
as in *352. The result is, as a rule, a family which is not connected, even 
when the family k is connected. For if there are in k any vectors other 
than (7‘r«, any point of the field which is reached from a given point o by 
one of these “ irrational ” vectors cannot be reached from a by a member of 
C‘T«, though it will be in the field of (7‘T». Thus in order to obtain from 
(7‘r, a connected family, we shall have to limit the fields of its members to 
the points which can be reached from a given point a by one or more 
rational steps backwards or forwards, i.e. to the points i4a“((7‘T,),. It will 
be observed that whereas, in the construction of C'T,, only positive vectors 
are used, negative vectors, i.e. the converses of positive vectors, are also 
admitted in constructing what we may call the “rational points” with 
respect to a and T. Having constructed these points, i.e. the class 
we then proceed to the third and last stage in constructing a 
rational net, by limiting the field of every member cjf C‘T, to 

Many of the propositions concerning rational nets require the hypothesis 
that the family concerned is a group. If this is not the case with the 
family k from which we start, we replace k hy Xg, where Xg is formed by 
adding to x the converses of those members of x (if any) whose domains 
are identical with the common converse domain of members of x. The 
definition is 

*354'01. = « wCnv“(«ADVH“K) Df 

We put also 

*354*03. FM grp = FM r\ x {s*x | “« C «) Df 

We then easily prove that if x is connected, Xg is a group (*354*14), and 
if X is open and connected, Xg is open and connected and a group (*354*17). 
If K is connected, (xg\ - «, (*354*15), so that properties only dependent on 
Xi, like that of openness, always hold for Xg when they hold for x. 
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Next, we prove that if k is open, connected, and a group, is open, 
rational, sub-connected and a group (i|^354‘22). Hence if k is open and 
connected, and \ = Kg, C^Tx is open, rational, sub-connected and a group 
(*354-24). 

The "'rational points** with respect to a and T are Aa^iG^T,i\, In order 
to study them, we consider where A is a family concerning which we 

make hypotheses which will be fulfilled in the case oi We prove that 

if \ is a family which is a group, and SeX.ae then 

(*354-31), 

whence Sl{Aa^*K)=^{Aa^^\)^S^ 8[(Aa^^K) (*354-312). 

Next we prove that, with the same hypothesis, if b is any other member of 
Aa^X^, then 

Aa^^\^At,‘^K (*354-33). 

Thus the rational points with respect to a and T are the same as the 
rational points with respect to b and T, if b is one of these rational points. 

The “rational net** is the family I [Aa^%C^T,c)tY^C^T,c^ Writing X for 
this becomes In order to obtain the properties of the 

rational net, we therefore continue to consider a family \, concerning which 
we make hypotheses which are verified in the case of and we put 

*364-02. cxa^X = I (Aa^%y^X Df 

Thus is the rational net defined by k, T, and a. We prove 

(*354-4) that if X is a group, cx^^X is a family whose field is We 

prove that if X is a family, and a a member of its field such that any 
member L of X* for which L^a exists is a member of X w Cnv^^X, then a is a 
connected point of cx^^X, i,e, 

*364-32 1“ : X 6 FM . a e s^Q^^X . X^ a d^Aa C X u Cnv^^X . D . a e conx^cxa^X 

The hypothesis X* a CX v Cnv^^X would be verified if X were a 
connected family and a were a connected point of X. But we want to be 
able to replace X by which is in general not connected. The above 

hypothesis, unlike XejPWconx, is satisfied by provided k is open and 

a group and a is a connected point of k (*354-34). Hence it follow^s that if k 
is a family which is open, connected, and a group, and a is a connected point 
of K, cXaC^T^ is open and connected, and a is a connected point of cxaG^T^^ 
(*354-401). Again, in virtue of *354*312, if X is a family which is a group, 
and a is any member of its field, cx^'X is a group (*354*313); hence when 
/c is a family which is open, connected, and a group, cx^G^T^ is a group 
(*354402); and it is easy to prove that it is also a rational family 
(*354*403). Hence, by *353-27, cxa^G^T^ is a family which is open, 
connedted, rational, a group, transitive, and asymmetrical (*354-404). If our 
original family is open and connected but not a group, we only have to 
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substitute tCg for at, i.e. putting X = we only have to take cXa^C^T^, in 
order to obtain a rational net with all the above properties. This is stated 
in the proposition 

9K35441. h : 6 FM ap conx .TeiCfj.ae conx'/c . X = . D . 

cxa‘G‘T), e FM ap conx rt trs asym 


^354*01. iCg = KU Cnv“(/c r> D‘s‘(I“ac) Df 
#36402. cx„‘X = p(^„“X.)“X Df 

#364 03. FM grp =‘FMr^^^ (s‘ac | “« C «) Df 

#3641. \-t.ReKg. = iReic.v.Reic.a‘R = s*a“K [(#35401)] 

#36411. YiKeFM conx . R,S e K . R\8 e Kg [#331'33 . #364’1] 

#36412. 1- : Hp #35411 . D‘ii = s‘a“/c .R\S=^S\R.R\S€Kg 
Dem. 

h . #330'62 . D h : Hp . a e conx‘/e . D . E ! R‘S‘a . | S) = s‘Q.“k . 

[#33111 42] D . if I « w Cnv“-« . a‘(« | S) = 8*0“* . 

[#354'l.#330o61] D.2?|iSe*j./S|.K = i2|/S:DI-. Prop 

#36413. I- : Hp #3541 1 . D‘fl = D‘/S = 8*0“* .O.R\SeKg 
Dem. 

y . #331-33 .DH:Hp.D..K|5e*w Cnv“* (1) 

I- . #37-323 . D I- ; Hp . D . 0‘(.B j S) = 8*0“* (2) 

f- . (1) . (2) . #3541 . D h . Prop 

#36414. h ; *eJF’if conx . D . s**j,| ***^C*„ [#35411-1213-1] 

#364-16. H : * e FM conx . D . {Kg\ = *. 

Dem. 

h . # 354 - 1 . J H Hp . R,S e Kg .0 : 

R,S eK . R.SeK .V . R,Se K .V .R,8 eK . 0*iJ = 0*/S = 8*0*** (1) 
h. #330-4. Dh:Hp.iJ,Se*.D..K|Se*. (2) 

h . #331-33 24 . D h Hp : S e * . v . iJ. -Se * : D . .B | £?« *. (3) 

h. #354-12. Dh:Hp.B,B€*.0*B = 0*<S = 8*0***.D.B|/S€*. (4) 

h . (1) . (2) . (3) . (4) . D h . Prop 

#364-16. h : * e FM conx . 3 . *^ e FM conx [#354-1-12] 

#36417. h : * € FM ap conx .0 .Kg e FM ap conx grp ‘ 

[#35416-15-14. #338-101] 
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*354’18. h « e jFAf grp . = ; K ! il, /Se/c . B j/Se * [(*354'03)J 
^364'19. t" : AC e grp . D . C * [*354‘1S . Induct] 

*364‘2. h : AC e FM ap conx . T e . D . O'T, e FM ap rt cx 

[*3531 5 . *352-3] 

*354-22. H : AC e FM ap conx grp . Te .C^T^e FM ap rt cx grp 
Dem. 

h . *350 62 , *354-18 . D h : Hp . S. Te ac . Z, Fe G‘H' .RXT.8VT.0. 

{R\8){X+,Y)T.R\SeK. 

[*306-67. *352-3] 3 . R \8eC‘T, (1) 

h . (1) . *352-3 . D I- ; Hp . R,8€C‘T , . D . ii \8eC‘T, (2) 

h . (2) . *354-2 .31-. Prop 

*364 23 I- : AC e Zif rt conx . Te ac^ . 3 . G‘T^ = ac [*35313 . *352 .3] 


*36424. h i K€ FM ap conx . TeKfi.\ = K„.O.G‘T,,e ZA/aprt cx grp 
[*.354-22-17] 


*364-31. h:XeZJ/grp.a«.«‘a“X.<SeX.3.^„“\.CS‘M„“\. - 
Dem. 

V . *336-1 . 3 h : . Hp . 3 : a; € Aa“K . 3 . (gP, Q) . P, Q e ac . a; = P'Q'a . 

[*330-56] 3 . (gP. Q).P,Qeic . S‘x = P‘8‘Q‘a . 

[*3.54-18] 3.(gP.P).P,PeAc.i{‘.T = P‘P‘n.. 

[*336-1] 3.-S‘.«e.4„“\.. 

[*.37-106] D.X€S“A^“\. :. 3 h . Prop 

*364-311. I- : Hp *354-31 . 3 . C cl„“X. [*354 .31] 

*364-312. I- : Hp *354 .31 . 3 . 1 S = -Sf I* (d„“X.) 

[*354-31-311] 

*364 313. h ; X 6 FM grp . a e ,9‘G“X . n = cx„‘X . 3 . .s'/c \"fiCfx 
Dem. 

h . *354-312 . 3 

h : Hp . P, SeX . 3 . {P t i \8 1 iA„“\)\ = (P i S) D (D 

l-.(l). *354-18. 3 

I- ; Hp . P, S e X . 3 . {P t (^«“X.)1 j [8 ^ (a 1„‘‘X.)J e cx„‘X : 3 1- . Prop 


*364 32. h ; X € FM . n e .9‘CI“X . X, a CI^.da C X w Cnv“X . 3 . n e conx‘cx„‘X 
Dem.. 

h . *3361 . 3 h :. Hp . 3 : a; e il„“X, . 3 . (gP) ,Le\.x — L‘a . L e ^l‘Aa . 

[Hp] 3 . (gP) . 1 6 X w Cnv“X . X = L‘a . 

[*3.30-45] 3 .(gJlf).ilf ecx„‘XuCnv“cXa‘X.a;=.Af‘a: 

[*331-11] 3 : o. e conx'cxn'X ;. 3 h . Prop 
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i|(354‘33. I- : X 6 FM grp . a e s‘C[“X . b e -4n“X, . D . ^a“X, = ^i“X, 

Derti. 

h . *336-1 . D 

h : Hp . c € 4i“X. , D . (gP, Q, R. S) . P,Q,R,S e k .c = R‘8‘P‘Q‘a . 
[*330-56] D . (gP, Q,R, S) . P,Q, R,S f k . c= R‘P‘8‘Q‘a . 

[*364-18] D . (•s[M,N) .Ar,Ne/c.c = . 

[*336-1] D.C6 4„“X. (1) 

Similarly 1- : Hp . c e . D . r e ^//‘X, (2) 

I- . (1) . (2) . D !■ . Prop 


*35434. 

Dem. 


I- ; /c e FM ap conx grp ,T€k^.\ = C‘Tt . a e conx'/c . D . 

, X, A (IM(,CX u Cnv“X 


h . *354-22 . D I- : Hp . 3 . X e FM ap rt cx . 

[*3.53-14] D.X.A(«wCnv‘V)CXwCnv“X (1) 

1- . *331-11 32 . D h : Hp . Z € X. A a‘4„ .D.LeK» Cnv“/r . 

[(!)] D . Z e X u Cii v“X : D I- , Prop 


*354*35. !■ : « eP#ap conx . Te . /i = Kg.X = C‘T^ . a €Coux‘x . D . 

X.A(IM„CXwCnv“X [*354-34-17] 

* 354 - 4 . 1- : Xe Pi/grp . a e s‘Q“X . D . cx„‘X e PAT. s‘CI“cx„‘X = 4„“X. 

Rem. 

h. *330-52. D h : Hp . D . cXo‘XC 1 -♦ 1 (1) 

1- .*354-311 . D I- :. Hp . D : ft e X . D . (T‘P = il„“X. . D‘P C Q'P (2) 

h .*354-312 . Dh: Hp. P, Se X.D. jPp(4„“X.))| jSp(^„“X.))=(P ! S)p(4„“X.) 
[*330-5-52] =(8:R)t:(Aa“X.) 

[*354-312] = {St (Aa‘%)} I {R I (^„“X.)1 (3) 

t- . (3) . *330 5 . D 1- : Hp . D . cx/X e Abel (4) 

1- . (1) . (2) . (4) . *330-52 .31-. Prop 


*354-401. h : « e PA/ap conx grp . a e conx‘/c . Pe *0 . D . 

cx„‘C*T, € FM ap conx . a e conx‘cXa‘C‘P, 

Dem. 

h . *354-4-22 . 3h: Hp.3.cx„‘C'‘P,ePilf * (1) 

1- . *354-34-32-2 . D 1- : Hp . 3 . a e conx‘cXa‘6'‘P, (2) 

h . (1) . (2) . *333 101 .31-. Prop 


*354-402. I- : Hp *354*401 . 3 . cx„‘C‘P, e FM grp [*354-313-22*401] 
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«354-403. h : Hp *354 401 . D . cx„‘C‘r. e FM rt 

Bern. 

h . #35312 . #354-2 . D 

h : Hp . S e C‘T^ . \ = C‘7« . D . (3/^, «/) . m. " « NC ind . i/ + 0 . S- = 2V . 

[#354-312.Induct] D . (g^, i/) . veNCind . v 4= <> • 

{8t = S'C (-4a“X.) = T>‘t (4«“X.) = {Tt (^-.“X.)}" • 

[#350'43.#354-401] 

3 . (a^, . w. y € NC ind . V + 0 . {-SC \T t (1) 

h. ( 1 ). *353-1. DH. Prop 


#364404. 


h: 

CXa 


K € FM ap conx grp . a e conx^fc 

‘C‘T^ e FM ap conx rt grp trs asym [#354-401-402-403 . #353-27] 


#364-41. (•;/eeJ’3fapconx.2’e/e0.aeconx‘*.X-/f,.3. 

cxa'C'T’x 6 FM ap conx rt trs asym [#354-17-404] 



* 366 . MEASUREMENT BY REAL NUMBERS. 


Summary of *tS56. 

In this number we consider the application of real numbers to the 
measurement of vectors in a family. The principle of this application is 
as follows: If a given set of vectors, all of which are rational multiples of a 
given vector R, have a limit with respect to and if their measures 
determine a segment of then we take the real number represented by 
this segment as the measure of the limit of the given set of vectors. 
For the sake of homogeneity with rational measures, it is well to take our 
real numbers in the relational form given in *314; i.e. if we take 

as the corresponding real number. With a suitable hypothesis, the 
result of the above principle for applying real numbers is, where rational 
multiples of the unit R are concerned, to replace the ratio X by the 

rational real number as the measure of the vector X ^ #c^i2 

(cf. *356*63). Then the measure of the limit of a set of rational vectors 
will be, by our principle, the limit of their measures. Thus our principle is 
conformable to what is required for an application of real numbers. 

It should be observed that, if any application of irrationals is to be 
possible, it is necessary that the vectors of the family concerned should 
have a .serial or quasi-serial order, independently of the order genemted by 
their measures. The order generated, among ratfonal multiples of jT, by the 
ratios w'hich are measures of these multiples, is (cf. *352). A vector 
which is not a member of C‘Tg cannot be the limit of any set of vectors 
with respect to T^, But we saw (*352*72) that if k is a serial family, 

Hence when k is a serial family, a vector which is not a member of 
may be the limit of a set of members of with respect to It is the 
existence of an independent series not generated by measurement, which 
makes the application of irrationals as measures possible. 

The following phraseology may be found convenient. Taking a unit T 
in a family k, and an origin a in its field, if JT e and 8=^X1 k^T and 
x — S*a — {X^K*Tya, we call X the ‘'rational measure’’ of 8 and the 
‘ rational coordinate ” of We have, in the same circumstances, 
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We will call S the vector of X, and w the point of X ; and the same 
phraseology will be employed for the vectors and points obtained by 
measures which are real numbers. We may now state the principle 
according to which we apply real numbers as measures as follows. Given 
a segment f of H, take all the vectors of f’s : these form the class k a 
T hen the real number is to be the measure of the limit (with respect 
to Uk) of the class k a Since has the opposite sense to that of T,, 

i.e, proceeds from the vectors with bigger measures to those with smaller 
ones, the limit we shall have to take will be the lower limit with respect to 
t7«. Thus the vector whose measure is will be 

free {U^y(K A 

Now if we put X = 8*^, X^T, and .Sf is a relational real number. 

Hence using i|f206*131, the vector whose measure is X is prec(i7«)'X‘T. 
Hence if '' X^T*' represents the vector whose measure is X (unit T\ 
we put 

*366-01. Z, = prec(Cr,)|Z|^A: Df 

Assuming now that /e is a serial submultipliable family, in which we take 
R as the unit and a as the origin, and putting, for notational convenience, 

we have first a set of preliminary propositions (*356*1 — *191), of which the 
most important are 

H' = 1 A^fP^iC^H') 1 Aj,fAa^Q (*356*13), 

P t = k^Ar^H' (*356*14). 

giving the relations between the series of ratios, the series of their vectors, 
and the series of their points. 

We proceed next (*356*2 — *26) to the proof that A^f'/cel— »1. This 
requires, in addition to our previous hypothesis, that Q should be semi- 
Dedekindian. With this hypothesis, we first prove that if X, are 
relational real numbers, 

Q'X, = : X, = n . = . X = F (*356*21). 

We then prove, by the help of some arithmetical lemmas, that the lower 
limit of the submultiples of a given vector is the zero vector, i,e, 

tvs {8€k: (gv) . P = S*'} = J ^ (*356*22). 

Hence we easily prove that, if R is any non-zero vector, and X is a class 
of vectors having a lower limit L, the lower limit of the relative products of 
R and members of \ is the relative product of R and L, i.e, 

X C A . L = tlp^X . P € /ca . D . P I i = tl/P ! ^^X (*356*221 ). 
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Remembering that the relative product is represented arithmetically by 
the sum, we may express the above proposition by saying that the limit 
of the sums of a given vector and a set of vectors is the sum of the given 
vector and the limit of the set. From this proposition we easily deduce that 
if RPS, 4= X^^S, whence it follows that 

X,[k€1-^1 (*356-26). 

Onr next set of propositions (*356'3 — *33) is concerned in connecting the 
relative, product of X^ and with the arithmetical product X Xr F, where 
“ Xr** has the meaning defined in *314. Here we only require that k should 
be serial and submultipliable, and we obtain 

Jf,|F, = (Xx,F), (*356-33). 

This proposition is the analogue of *351*31 (except that is replaced by k) ; 
it has a similar importance, and calls for similar remarks. 

Our next set of propositions (*356*4 — *43) is concerned in proving that 
the limit of the points of a segment of ratios is the point of their limit, in 
other words, that the limit of a set of points whose coordinates are a segment 
of rationals is the point whose coordinate is the limit of the segment. Here 
we again require that our family should be semi-Dedekindian ; then if f is 
a segment of ratios, and X = the above proposition is 

(X/RYa = = seqQ^AY^^^R (*35643). 

Here X^R is the vector of Xy {XYRY<t is the point of X \ = X^i2, 

and each is the class of vectors of members of f ; and Aa^Aji^^ or A^^X^R 
is the class of points of members of Moreover X is a relational real 
number. Thus the above proposition states that the point of X is the 
segment (t.e. the limit) of the points of the ratios contained in X ; i.e, of the 
ratios which may be considered less than X. 

We next proceed (*356-5 — *54) to connect the relative multiplication of 
vectors with the addition of their measures. Here we require that /c should 
be semi-Dedekindian as well as serial and submultipliable. We then find 
that if X, Y are relational real numbers, and is a non-zero vector, 

(XYR) I ( YYR) = (X +, VyR (*356-54). 

This proposition is the analogue of *351*43, and calls for similar remarks. 
The proof proceeds without much difficulty by means of *356-43. 

Finally we have a set of propositions (*356*6 — *63) to prove that the real 
number which measures a rational vector is the real number corresponding 
to tne ratio which is its measure ; i,e. if X is a ratio, the vector which has 

the ratio X to the unit has the real number 8‘H^X for its measure. It is to 
be remembered that rational real numbers must not be identified with ratios, 
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any more than integral ratios {i.e. ratios ol the form v/l) must be identified 

with cardinals. The real number corresponding to a ratio X is ; this 

is what we call a “ rational real number.” In measurement, when we are 
measuring by ratios, if R is our unit, X will be the measure of -X ^ but 
when we are measuring by real numbers, the measure of Z ^ k^R must be a 
real number. The real number which is the measure of Z ^ tc^R will, by our 
definition, be a real number Z such that 

X ^ k^R = prec ( U^yZ^R. 

Thus we have to prove that, if Z is a ratio, the above equation is satisfied if 

we put Z = 8^H^X» This requires that /c should be serial, submultipliable 
and semi-Dedekindian ; we then have 

Z € . D . {s^ls^X % = XIk (*356*63). 

Thus although the “ pure ” real number 8‘H‘X is not identical with the 

“pure” ratio X, yet the “applied” real number (8‘H*X)k is identical with 
the “ applied ” ratio X ^ k. This fact explains why the results of the habitual 
confusion between a ratio and a rational real number have not been even 
more disastrous. 


#366-01. X. = prec(tf.)|Xr-r Df 


*3661. l-:.iJe*.D:S = Z/i2. = .£f = prec(tf.)‘X‘i? [(*35601)] 

*36611. \-:.R€tc.:>:S = {8‘^)/R . = .8 = prec 
[*356T .*33612] 

*366 12. h : . « 6 FM sr subm . 

X, Ve C‘H' .ReKs . aea'Q'** . Q = s‘;vg . P = fJ, . D : 

XH' Y. = .(Xt k‘R) P ( F t i‘‘R) • = • t «‘i2)‘o) Q{(Yt K‘Rya\ 

[*352-73 . *336-4] 


*366-13. h : kbFM srsubm . ReK ^ . o €«'(!“« . Q = «‘*g . P = ^ . 

U' = 1 As}P={G*H') 1 As}A^yQ [*35612: 

#36614. I- :Hp *356-13. D.PtC'‘P. = -c1XB;j?' [*36272] 

— * — > — ► 

*366-16. h : Hp *356-13 . X, C C*H . X = s‘X . D . maxp'X'P = * ] il ji“maxH‘> 
Dem. 

I- . *352-41 . D 4 : Hp . D . * A X‘P C (7‘P, . X‘P = Ag^^X (1) 

I- . (1) . V356-14 . D I- : Hp . D . maxp‘X‘P = m^x (Pp C‘R,)^*R 
[#356-14] = * 1 XB“maxH‘\ : D 4 . Prop 
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#356'16. H : Hp *35613 . \ e C‘S . X‘= s‘\ . D . mAXj>‘X‘Ji = A [*35615] 

*36617. h : Hp *35616 . D . Z, = C‘l^ [*35616] 

*36618. t- ; /c f ^'i^/ coiiticx . D . Z, e 1 — » Cls 
[*206 161 . *336-62 . (*353-01)] 

*366-19. !-;.«€ XAfsv . P = . D : 0'// . ? . C P 

Dein. 

h . *336-511 . D h Hp . i<, A' e /c . /*, ve NO ind — 1‘0 . Z = fijv . D : 

RPS.^.R^PSf^ . 

[*350-43] D ; RPH . M = Ik^R.N = ifijv) ^ /e'-S . D . M^PN” . 

[*336-511] D . JlfPZ D h . Prop 

*366-191. I- ; Hp *35619 . Z e . D . Z p * ! P G P | Z ^ /r 

Devi. 

h . *356-19 . D 

h:. Hp.D :\e(7‘0.Z = 6-‘X..^€\.D.ZpAc|PGP|Zp«;. Dl-.Prop 


*366-2. h : Hp *35616 ./i,eC'‘0.PeX-/i.D./c1 Ar‘L e p‘P“^ 

Deni. 

1- . *31011 . D h ; Hp . D . L€p‘H“/j, . 

[*20C-6.*362-12] D . ^ /Z e- . 

[*356-1 4] D. K^] A f.‘Le p‘%Ar“p, ; D I- . Prop 

*366 21. h K e FM si- subm . Gnv‘s‘/cg e semi Ded .X,Ye i“O‘0 . D ; 

a‘Z« = a‘F, = «9:Z,= F.. = .Z=F 

Dem. 

1- . *356-16 . *214-7 . D 

1" : Hp ,\,p€ . Z = . F = s‘p . P e Kg . D . E I Z,‘P . E ! V/R (1) 

h.(l). *356-2. DI-:Hp(l).P=17’,.a!\-/t.D.(F,‘P)P<;Z,‘P) (2) 

Similarly h : Hp(l) . P= P, . g I^-\ . D . (Z,‘P)P(1^«‘P) (3) 

h .(1) . (2) .(3) . D 1- : Hp (1) . Z,‘P= F,‘P . D . \ = /i. 

[Hp] D . Z = F (4) 

h . (1) . (4) . D h . Prop 


*366211. h : <r, T e NO ind — i‘0.ve NC ind — 1‘0 — t‘l . 3 . 


Deni, 


(or +5 t)' > a" +0 (i/ Xo O-'"'’* X, t) 


h . *1 13-43-66 . *116-34 . 3 h . (<r x, t)* = <r“ +« (2 x, <r x, t) +o (1) 

1- . *126-5 . 3 I- Hp . 3 : (o- +e t)" > o-*- +0 (v o-”-'* x, t) . 3 . 

(a +0 ■>•)■’+'* >o-''^''-+-c(«'Xo<»-''Xo-r)-+c(o-*'XoT)‘’ (2) 

I- . (1) . (2) . Induct .31-. Prop 
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^356'212. h : (j > <r . jO, <r, f € NC ind . D . (g»») . v e NC ind . p' > ff' f 
Deni. 

I- . *356-21 1 . D 

I" ; Hp . 1/ c NC iud . p = ff +g T . D . p' > o-*'"* ‘ [a 4-c («' Xc t)} ( ^ ) 

t- . (1 ) . *126-51 . D h : Hp (1) . o- +o (k x^ t) > o- x^ f . D . p” > tr” x„ f (2) 
h . (2) . *113-43 . *120-416 . *126-5 . D 

h : Hp(l) . 1 / XjT > O’ Xo(5'— fll) . D .p” > (T' Xjf : D h . Prop 

*356-213. I- : p > <T . p, <T, i; e NC ind . ^ 0 . D . 

(gv) . V e NC ind . p" .x^ >/ > <t“ 

Detn. 

h . *356 21 2 . 3 h : Hp . D . (gi/) . v e NC ind . p' > o' x^f : 3 h . Prop 

*356'214. h : p, ff f NC ind — 1‘0 . p > o- . 2" e C‘H . 3 . 

(gi>) . V e NC ind . {pjayHX [*356 213] 


*366-215.- h ; \ e C‘(H> . p, <r e NC ind - 1‘0 . p > <r . 3 . 

(gZ) .Xe\. X X, pI (T *^ € \ 

Dem. 

h . *305-142 . Induct . 3 h \ C 0‘if . g ! \ . >/ 6 NC ind — i‘0 ; 

X e \ • Dx • X, p/<T e X : 3 : A' e X . 3^ • X x, p'/o-' e X : 
[*356-214] 3 : ff“X = C*H (1) 

h . (1) 1 Transp . 3 h . Prop 

*356-22. h : Hp *356-13 . Q e semi Ded . 3 . 

tip's {S e * : (gp) . ii = S'} = / [ C"Q 

Dem. 

1- . *336-511 . 3 h Hp . L — tlp'S {(gp) . i2 = S') . p, p e NC ind — t'O . 3 : 

Se*.S'‘>‘'' = i2.3.Z'PS'; 

[*301-5] 3:re*.r'‘ = iJ.3.Z'P2’; 

[Hp] 3 : Z'P^P (1) 

h . *337-21 . 3 I- : Hp . p e NC ind - t'O - t‘l . P e . 3 . PPP' (2) 

1- . (1) . (2) . 3 I- : Hp . 3 . P~ e Acg : 3 I- . Prop 

*366-221. 1- : Hp *35619 . Q = s'/rg . X C * • P = tlp'X . P e xg . 3 . 

P i P = tlp'P I “X 

Dem. 

h . *334-15 . *336 411 . 3 h Hp . 3 ; LPM . 3 . (P | P)P(P | M ) ; 

[Sp] 3:2/€X.3.(P|P)P(P|ilf): 

[*37-61] 3:P|“XCP‘(P|P) (1) 
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I- . I(i336-41 . D I- : Hp .( i L) Pif . D . (giV) . i\r 6 /eg . Jf = iJ I X I iV . 
[*330-31] 3.(aiV).iVe/eg.P|Af = Z|iV. 

[#336-41 .*334-1 3] D . XP (P | J/) . P | if e Arg . (2) 

[Hp] ^.(’^N).Ne\.XP{R\M). 

[*336-411.(2)] D . (afV) .Ne\.iR\N)PM. 

[*37-1] D.Ar€P“P|“\ (3) 

I- . (1) . (3) . *207-21 . D f- . Prop 


*366-23. h : Hp*356-22.PPP.3.(ai/).r €NCind-t‘0.[j(i/+el)/i/l ^ k‘R]P8 
Dem. 

h . *356 22-221 . D h : Hp . \ = PiPe * ; (gv) . P =P-} . D . tlp‘P | “X = P . 
[Hp] D.(aP).PeX.(P|P)P5. 

[Hp] D . (gi/) . e NO ind - t‘0 . {P | (1/j;) ^ A:‘Pj PS . 

[*350-62.*334-32] D . (g.;) . v e NC ind - 1‘0 . [{(•/ +. l)/^) t /c‘P] PP : D I- . Prop 

*366-231. I- ; Hp *356 23 . D . (gv) . k « NC ind - 1‘0 . SP [{(v l)/v} t ic‘R] 

[Proof as in *356-23] 

*366-24. : Hp *356-23 . X e s“(P% . 3 . Z«‘P 4= Z/S 

Dem. 

h . *356-23 . 3 I- : Hp . \ e C'e . Z = s‘X . 3 . 

(gp, (r),p,<T€ NC ind — t‘0 . p > a- . \{p/<t) ^ /c‘P) PS . 
[*356-215] 3 . (gp, <r, F) . p, <r€ NC induct — 1‘0 . p'> a . Fe X. F x,p/o- ~ eX. 

{(p/<r)t«‘PlPP. 

[*336-511] 3.(ap,<r, F).p,<7 e NO ind— t‘0.p>(r. FeX. F x,pla ep‘H“\. 

{FC*‘(p/«T)t*‘P}P{F^*‘Pj. 

[*351 31.*356-13] 3 . (gp, <7, F) . F ^ ic\pI<t) ^ k‘R e p^“X‘R a P“X‘S . 
[*356-1] 3 . Z/P + F/P ; 3 I- . Prop 

*366-26. I- : Hp *356 22 . Z e . 3 . Z«‘P C Q 
Dem. 

l-.*356-l-21.3l-:Hp.3.Z,‘Peicg (1) 

I- . (1) . *41-13 .31-. Prop 

*366-26. h:Hp*356-25. 3 .Z,[a:€1-»1 
Dem. 

h . *356 24 . Transp . 3 I- : Hp . P, Pc Ag . Z^'P = Z^'P . 3 . P = P • (1) 
h . (1) . *356-18-21 .31-. Prop 
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4K366’3. t- /f € FM ap conx subm . s‘Pot“A: Ck . /i,ve C‘% . R,S e k ."D : 

R {s‘/i Xr i‘v) S . — , R {(s‘fi) K \ (i‘v)l S 

Dem. 


h . i|t314'14 . *313‘21 . Df- : Hp . D . s'u Xj.s'f = s‘s‘fi x, “i» (1) 

» 

I- . (1) . D h Hp . 3 : iJ (s‘/i Xrs‘v)S . = . (gilf, iV) . Me/i.N €v.R(Mx, N)S. 
[*351'31'22] = . (gilf, N) . M e fi . N ev . R {M f" k \ N) S :.0\- . Prop 


*356'31. h ; * e FM ap conx subm . 6‘Pot“/e C k . X, Y e s“G‘@ . D . 

{X x,V)tic = {X D «) I ( F t /c) [*S56-3] 


#366'32. hiKeFM ST subm . X, Yes‘‘C‘% . J? e «g . D . Z/ Y,‘R = (Z 1 Y^R 
Dem. 


h. *356191 
[*37-63] 
h. *305-6. 

[*356-12] 

[*356-17] 

[*356-19] 

[Hp] 

l-.(l).( 2 ). 

[*356-1] 


. D I- Hp . D : /i' € /c A PE . D . /c n Z'-S C P“X‘Y/B : 

D : Z“(« A PE) C P“'X‘Y/R (1) 

D h ; Hp . X€ 0‘@ . Z = s‘\ . Z.Z'eX . ZHZ' . 


Z I r,‘E = Z' ^ k\Z \ Z') I F/E . 

D . Z t F/E € Z' t *“P‘ F.‘E . 

D . Zt /c‘F«‘E 6 Z' C k“P“^‘R . 

D . Z ^ F.‘E e P“Z' ^ PE . 
D.Zp«‘F<‘E6P“Z“PE (2) 

D h : Hp , D . P“X“~Y‘R = P“X‘Y,‘R . 

D . (Z I F).‘E = X,‘Y/R ; D I- . Prop 


*366-33. I- : Hp *356 32 . D . Z, | F, = (Z x, F), [*356 31-32] 

*366-4. h : « € FM conx . Q = Cnv‘s‘/cg . S e k . ciC C‘Q . ^ ! a . E ! seq^'a . D . 

iS'seq^'a = seq^'/Sf^a 


Dem. 

h . *330-563 . 3 h : Hp . D . S'seqg'a e p^“S"a 


( 1 ) 


H . *37-1 . D h :: Hp . D 6 Q‘yQ‘*S“a . = ; 


[*330-542] = 

[*208-2] = 

[*37-1] = 

b . (2) . fransp . D b Hp . 3 : ^ ~ e 
b . (1) . (3) . *330-542 .3b. Prop 


(ay) : * e a . 3* . S‘xQi/ : yQS‘z : 

; (a^) : * e a . 3* . S‘x Q S‘w : S‘w Q S‘z : 
: (a“') : a-- e a • 3* . xQw : wQz : 

V 4- 


:zeQ‘yQ“tt ( 2 ) 

Q“P^“3 . = .S‘z<^€ Q“p^"S"a (3) 
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«366'41. h ’..KeFMconK trs . P = f/, . Q = s‘k^ .aeG‘Q . XC x . 3 ! \ . D : 

N = seqp'X . = . N € K . = N‘a 

Bern. 

h.#336-43'2. *206-61. D 

h Hp . D : N = seqp'X . s . If eK . Aa‘N ^aeq (Q ^ Aa“ic) ‘.4a“X (1) 

I- . *206-21 1 . D h : Hp . b — seqg‘J./‘X . D . (gii) . i? e X . R‘aQb . 

[Hp] D . (gS) .Seic. bSa . 

[*336-11] :>.beAa“ic (2) 

h . (1) . (2) . D f- Hp . D ; i\r= seqp'X .Ne k. AaN = seq<j‘.4a“X (3) 

I- . (3) . *336-11 • 3 h . Prop 

*366-42. h : Hp *356-41 . E ! seqp‘X . D . (seqp‘X)‘a = seqgMa“X [*356-41] 
*366-43. h : Hp *356 22 . | e C"© . Z = . a e C'Q . D . 

{X/R)‘a = seq<}Ma‘M = seqQ‘ila“Z‘i2 
[*3.56-42-11-21. *336-12] 

*366-6. l-;Hp *356-22. 

X,Ye s“C‘® . a e C‘Q .Rex.X — Kf\X‘R,fj,^Krt Y‘R . D . 
(Z«‘i2)‘( Y/Rya = seq(3‘i‘X‘8eqQ‘s‘/it‘a 

Dem. 


h . *356-43 . *33612 . D h : Hp . D . (X/Ry( Y/Rya = seq^j‘5‘X‘( YyRya 
[*356-43.*336-12] = seqQ‘A-‘X‘seq(j‘6-‘/i‘a : D t- . Prop 


*366-61. I- ; Hp *356-5 . D . (Z +, F)/P = seqp‘s‘Xj^ 

Dem. 

h . *356-11 . *314-13 . D h : Hp . 77 e C‘@ . Z = . F= • 3 • 

(Z+,FVP = seqp‘.4p“(f+„77) 
[*312-32.*311-ll.*308-32] = seqp'Zp'Vf +,“»? 

[*336-11] = seqp'Z ((gi, M) .L€^.Me'ti.N = (L+, M) ^ «‘iJ} 

[*351-43] = seqp'Z {(gP, M) . Le^ . M ev} . N ={L\, k‘R) | (M ^ k‘R)} 

[Hp] =seqp‘# l(gt7, W).Ue\. We^^.N= tr| F} ; D h . Prop 


*366-62. I- : Hp *356 5 . D . ((Z +r F)/P)‘a = seq<j‘(i‘X)“sV‘a 
Dem. 

I- . *356-51 . D 1 - ; Hp . D . {(Z +, F),‘ii}‘a = (seqp‘s‘X | “fiya 
[*356-42] = seqg‘^„“s‘X | ‘V 

[*336-11] = seqg‘® F).Z€X. F€^.a! = (Z| F)‘a} 
[*41-11] = seqg'S {(gZ) .XeX.xe Z“iv‘a} 

{*4111] = 8eqg‘(8‘X)“«V‘® ! ^ • Prop 



SECTION C] 


MEASUREMENT BY REAL NUMBERS 


*356*63. h : Hp *356*5 . D . = 3eqQ*(s‘xy^s*iii^a 

Dem. 

h . *35616 . D h : Hp . D . seqQ‘«‘X,‘seqe‘s‘/t‘tt == lt<j‘s‘\‘seqQ‘s‘^‘a 
[*41'11] [(^L) . L e\ , x = L‘»ec[Q‘s‘fi‘a] 

[*356'4] = {(g /^) . L eX . X = seqQ‘X“s‘/u.‘a} 

[*356-16.Hp] = lt<>‘5! {(gX) .Le\.x = ltQ‘X“iv‘a) 

[*207'55] = lt(jVa {(gX) . X e \ . o = X“#V‘“} 

[*41-11] = ltQ‘(s‘\)“sV‘a 

[*356 16] = seqQ‘(i‘X)“s‘/i‘a ; D h . Prop 

*356'64. h : a: e FM sr subm . On v‘i‘«g e semi Ded . X, Y'e . i2 e xg . D . 

(X/R) I (F/iJ) = (X +, Y%‘R [*366-5-53-52] 

*356-6. t- ; « e FM ar . Re k^. P = U,.Q = s'/cg . X e C*H . D . 

Kr^AR“'H‘XCP^XlK‘R 

Dem. 

h . *37 6 . D I- Hp . D : MeAR‘‘H‘X . = . (gF) . YHX . MYR . 

[*352-7] O.MP{X^ k‘R) D I- . Prop 

*356-61. I" : Hp *356-6 . * e FM subm . Q e semi Ded . SP (X ^ *‘i?) . D . 

(gF). YIfX.SP(Y^^‘R) 

Dem. 

I- . *356 231 . D h : Hp . D . (gi') . v e NC ind — t‘0 . SP[((i/ — ^ l)/v) ^ k‘X\, «‘i2] 
[*351-31] D . (gi-) . € NC iud - 00 . -SP [{(v l)/j/ x,Z} ^ k^R] 

[*305-71-51] 3 • (g F) . YHX . NP ( F p /c‘P) Oh. Prop 

*356 62. h : Hp *356 6 . k e FM subm . Q e semi Ded . D . 

C k‘R C P‘M«“^Z [*356-61] 

*356-63. h : Hp *356 62 . D . (s‘H‘Z ), = Z ^ -e 
Dem. 

h . *356-6-62 . D h : Hp . D . Z ^ = ltp‘Zjj“^‘Z . 

[*356-11] D.Zp«‘P = (fi‘^‘Z)<‘P 

h.(l). *356-21. Dh. Prop 


(1) 



^1^369. EXISTENCE-THEOREMS FOR VECTOR-FAMILIES. 


Summary of ^1^359. 

In this number we prove that, assuming the axiom of infinity, there are 
vector-families of the various kinds considered in previous numbers. 

If P is any well-ordered series having no last term, the converses of the 

interval-relations, i.e. the class finid^P, form an open family of (7^P (*359*11). 
If P is a progression, this family is serial and initial (*359 12). 

The family consisting of additions of positive ratios to positive ratios 
(including 0^), i.e. consisting of all terms of the form (-f-,X) ^ where 

X eC^H\ is initial, serial, open, and submultipliable (*359*21), assuming the 
axiom of infiinity. The family consisting of generalized additions of positive 
ratios to generalized ratios is serial, open, and submultipliable, but not initial 
(*359*26). 

The family consisting of multiplications of positive ratios not 0^ by positive 
ratios not Og is open and connected, but not serial or submultipliable (*359*22); 
if we confine the multipliers to ratios not less than 1/1, the family becomes 
serial (*359*25). 

The family consisting of additions of positive real numbers to positive 
real numbers (including t^Og) is serial, initial, and submultipliable (*359*31); 
the family consisting of generalized additions of positive real numbers (including 
t^Og) to generalized real numbers is serial and submultipliable, but not initial 
(*359*32). Similar propositions hold for multiplication, provided t^Og is 
omitted; but the resulting families will not be serial. In the case where 

the field is confined to positive real numbers, however, the family becomes 

— * 

serial if the multipliers are confined to such as are not less than 
which is the real number 1. 

The last set of propositions in this number (*369*4 — *44) are concerned 
in proving that, given a family k whose field is )8, it S is a correlator of 
a and )8, S'f^^/c is a family whose field is a, and which has the same properties 
of being connected, open, etc. as the original family k. Hence if is a family 
whose field is the real numbers, and we are given any class a similar to ^he real 
numbers (in other words the field of any continuous series), if S is the correlator 
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of this class with the real numbers, /Sf gives a family whose field is a. Hence 
from our previous existence-theorems we derive the existence, for a, of an 
initial serial family, giving us a system of measurement for a. Similarly 
if a is similar to the rationals. 

*3591. I- : P e H ~ E ! . D . finid'P e Cl ex‘cr‘C‘P 

Dem. 

h . *260-23-28 . D h : Hp . D . finid'P C 1 -» 1 (1) 

b. *121-302. Db;Hp.D.D‘P„ = C‘P (2) 

I- . (2) . *1 21-302 35 . *260-28 . D 

b : Hp . V e NC ind . D‘P, = 0‘P . D . D‘P,+a = (3) 

b . (2) . (3) . Induct . D b : Hp . P e finid‘P . D . D‘P = C‘P (4) 

b. #121-322. Db:Pefinid‘P.D.a‘PCO‘P (5) 

b . (1) . (4) . (5) . *330-1 . D b . Prop 

*359 11. b : P € ft . ~ E ! P‘P . D . finid‘P e fm ap‘C‘P 
Dem. 

b . #260-28 . #121-352 . D b : Hp . D . finid'P e Abel (1) 

b.#7ri9. D b ; Hp . a, veNCind -a ! P^|P„ A J. 3 . M + f (2) 

b . #121-35 . D b : Hp (2) . M > F . 3 . Pm I -P- C Py.-.v • 

[#9 1 -6.#l 21 -36] 3 . (Pm I P^)po C J (3) 

Similarly b : Hp (2) . f > /t . D . (Pm | P»)po ^ J (4) 

b . (2) . (3) . (4) . D b : Hp . P € (finid'PXg (5) 

b . (1) . (5) . #359-1 . D b . Prop 

*359-12. b : P e w . < = finid‘P . D . le e fm sr init‘(7‘P . sVg = P 
Dem 

b . *263-14-141 . #122-1 . D b : Hp . D . sVP'P = C‘P (1) 

b . *263-14-141 . Db:Hp.D.i‘*a = P. (2) 

[*334-31. #3 59-11] D . « e Pif sr (3) 

b . (1) . (2) . (3) . *335-14 . D b . Prop 

#359-2. b : Infin ax . * = P {(aZ) . XeC‘H' .lt = {+,X)t G‘H ’} . D . 

KiFM.s‘Ks = H' 

Dem. 

b . #306-64-25 . #304 49 . D b : Hp . D . * C 1 -> 1 (1) 

b. *306-25. *304-49. D b : Hp . Pe* . D . H'P- (7‘H' . D‘PC 0‘H' (2) 

b. *306-11-31. Db:Hp.P,S6*.D.P|S = )SlP (3) 

b. *306-52. Db:Hp.D.s‘/C9 = P' (4) 

b . (1) . (2) . (3) . (4) . 3 b . Prop 
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«359'21. h : Hp j|» 359’2 . D . * e sr subtn . s‘k^ = H' 

Deni. 

l-.*306-24.Dh;Hp.D.i^‘0, = 0‘fl^' (1) 

h . *306-41 . D 

I- Hp . Z € G*H ' . pi, 1 / e NC ind - 1‘0 . S= {+,(X x, l/v)} f C‘H’ . D : 

«»* = {+, (X X, pi/p)! = {+, ( X X, pTfTl /.;)) t G‘H ' : 

[Induct] D ; -S'* = {+,(^ x,^/i>)} ^ C‘H ' : 

[*305-51] D:-S- = (+,X)^C'‘fi’' (2) 

h . (2) . *351-1 . *359-2 . D h ; Hp . D . x 6 FM subm (3) 

h . (1) . (3) . *359-2 . *334-31 . D h . Prop 

*369-22. h ; Infin ax . * = ft {(gX) . X e G‘H' .R = {+gX)t G‘H ,] . D . 

K € FM sr subm . = Hg 

The proof proceeds as in *359*21, but in this case there is no origin. 
Every member oF /c is a connected point, i.e. a member of conx^/c. This 
results from *308*54. If, in *359*21, we substitute H for H\ the proposition 
holds except that k has no origin. 

*369 23. h : Infin ax.k = ^ ((gX ) . X eG‘H . R = (x,X)t G‘H] . D . 

K e FM ap conx 

The proof proceeds as in *359*21. We have to take H instead of H\ 
because (XfOq)^ C^H' is not 1-*L We do not get KeFMsubm, because 
not every rational has a rational vth root. 

*369*24. h : Infin ax - 

* = {(gX) . X € G‘Hg - 1‘0, . = ( xp X) t (G‘Hg - t'O,)) . D . 

/c 6 jPil/ ap conx 

The proof proceeds as in *359*23. 

*369*26. h : Infin ax . /c - ^ {(gZ) . (1/1) H^X . ii = (x, Z) p C^H ] . D . 

K € FM sr . = H 

The proof proceeds as in *359*21. 

*369*31. h : Infin ax . /c = ^ .R== (+p /i) I G^&] . D . 

K € FM sr init subm . = O' 

Bern, 


b. *311-74. 

DI-:Hp.3./^Cl->l 

(1) 

b. *311-27. 

DI-:Hp.i2€/c.D.a^i2*(7^0'.D^i2CC‘©' 

(2) 

b. *311-43. 

D 1- : Hp . D . L*0q P =s init^/c 

(3) 

b.*31112-121 

. D h : Hp • D . /If 6 Abel 

.(4) 

b. *311-65. 

D h : Hp . D . ~ W 

(5) 
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h . (1) . (2) . (8) . (4) . (5) . D h : Hp . D . /c e FM^r init . = 0' (6) 

h . (6) . 9|t310151 .^|e351i l . D h : Hp . D . a: e FM snhm (7). 

h . (6) . (7) . D h . Prop 

^359*32. h : Infin eix . fc = R {(a/t) - € G^& . R = (+» m) D . 3 - 

K € FM&r subm . s‘«g = 0j 

The proof proceeds as in «339*22. Similarly the analogues of *359’23'24’25 
can be proved for real numbers ; the resulting families, in these cases, will be 
submultipliable, but it will be necessary to omit i‘0j from their fields. 

^59‘4. 1- ; * € Cl ex‘cr‘/3 . e a sm /S . D . Sf “/c e Cl ex‘cr‘a 

Dem. 

h. #3301. *7 1-252. D 1- : Hp . D . C 1 -> 1 (1) 

h . #150-21-21 1 . #330-1 . D h : Hp . e Sf'* . D . H'iJ = -Sf“/3 . T>‘R C a‘R . 
[#7303] D.a‘E = a.D‘iJCa (2) 

h . (1) . (2) . #330-1 . D 1- . Prop 


#369-401. h : « € Abel . /S e Cls -# 1 . s‘a“/c C H'S . D . « -A-bel 

Dem. 

h. #72-601. DI-:.Hp.D:P,Q€*.D.PlS!/S = P.Q|-S|S*Q. (1) 

[*1601] 0.{SiP)mQ) = S\P\Q\S 

[#330-5] =S1Q|P|-S 

[(1).#150-1] =(StQ)!(StP) (2) 

h . (2) . #330-5 . D I- . Prop 

# 359 - 41 . h : « e fm‘yS . Sc asm /8 . D . (Sf “/e e fm‘a [#359-4-401 . #330-51] 


# 359 - 411 . h : AC e FM . a e conxV . S e 1 — > 1 . «‘Q“/c = (1*8 . D . S*a e conx*S-j-“AC 
Dem. 

h .#151-11 . D 1- ; Hp . P = iS».4‘k . D . S e P smor (Pac) . 


[#151-33] 

[#331-1] 

[#330-13.#150-211] 


D . P*^‘a w P*8*a 8“pK‘a w S**s*ic*c 
==8‘*s*(1‘*k 
= a*S>s*K 


[Hp] =a‘P (1) 

h . #150-10 . 3 h : Hp (1) . D . P = s*Sf“K (2) 

l-.(l).(2).#331l.DI-.Prop 

^69*412. h ; a: € fm conx* fi . 6 a sm /8 . D • e fm conx^a [#359*41*411] 
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*359-413. I- 6 Fil/ ap . e 1 -» 1 . s‘a“« = a‘S . D . .S'f' V € FM ap 
Dem. 

h. *72601. DI-:Hp.P,Q6*.D.(-S;P)|(-S;Q) = -S;(P|Q) (1) 

h . ( 1 ) . *150-4 . D I- ; Hp (1) . 3 ! (S; P) ' ; Q) A J . D . a ! P ! Q n J . 

[*333-101] D.(P!,Q)poG J. 

[*200-21] O.S'y{P\QU<lJ. 

.[*150-83] ^ D.1S;(P|Q)UC.7- (2) 

l-.(l).(2). DI-:.Hp.D:Z,r6St“/e.a!X Fa.7'.D.(Z' Y\„<1J (3) 

I-. *3.59-4. DhiHp.D.SfVePil/ (4) 

h . (3) . (4) . *333-101 . D I* . Prop 

* 359 - 414 . I- : K 6 FM .Sel—*!. s‘(1“k — (l‘S . a = init‘/e . D . S‘a = init‘iSft“« 
[Proof a.s in *359 411] 


*359 415. I- : « e PJf subin . /S 6 1 — ♦ 1 . Q‘iS = s‘Q“k . D . /Sf“Ac e FM subm 
Dem. 

b. *301-21. DI-:Hp.F€-r.peNCincl.D.F^+'i=F-|l^ (1) 

I- . (1) . *72 601 . D I- : Hp . S; F-- = F)- . D . 8> F-+«i = {8> (2) 

b. (2). Induct. Db:Hp(l).D.S;F- = (S}F)>' (.3) 

b. *351-1. Db:Hp.i/eNCind-t‘O.Ze*.D.(aF).Z= F-. F6«. 

[(3)] D.(aF).Fe«.&’;z = (S;F)- (4) 

b , (4) . *.351-1 . *359-41 . D b . Prop 


*359 42. b : a ! fm conx ap subm‘/3 . a sm ^ . D . 3 ! fm conx ap subm'a 
[*359-41-412-413-415] 

* 359 - 43 . b:Pei+77.D.a! FM init sr subm n k {s‘ie^ = P) 

[*3o9-42-21-414 . *274 44 . *12318 . *304 47 . *273 4] 

* 359 - 44 . b : Nr‘P + i = ^ . D . 3 ! FM init sr subm a k {s^k^, = P) 
[*359-42-31-414 . *275-3 . *31015 . *204 47] 
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Summary of Section D. 

The theory of measurement hitherto developed has been only applicable 
to open families. But in order to be able to deal with such cases as the angles 
at a point, or the elliptic straight line, we require a theory of measurement 
applicable to families which jtre not open. This theory is given briefly in the 
present Section. 

When a family is not open, two vectors which have one ratio will usually 
also have many others, t.e. we shall not have X ^ k n k .D . X — Yy 
where X, Y are ratios. Also a ratio confined to the fajtnily will not usually 
be one-one. Under these circumstances, it is necessary, if measurement is to 
be possible, that there should be some way of distinguishing one among the 
ratios of two vectors as their ‘‘ principal ” ratio, and of then showing that, by 
confining ourselves to principal ratios, the requisite properties of ratios re- 
appear. 

The case of angles will serve to illustrate our procedure. Considered 
geometrically, not kinematically, a vector which is a multiple of 27r is identical 
with the null-vector, and if 0 is any angle, 0 = 2 p 7 r + 0, where v is any integer 
positive or negative. We are here considering an angle as a vector whose field 
is all the rays in a given plane through a given point. Thus there will be two 
angles which are half of the null-vector, namely tt and 27r, and four angles 
which are a quarter of the null-vector, namely 7r/2, tt, 37r/2 and 27r; and 
so on. The ratio of 7r/2 to tt is any number of the form (2/x + l)/(4i/ -f 2) ; 
thus two terms may have many different ratios. 

In order to evade this difficulty, we first arrange angles in a series ending 
with 27r, and having no first term, but proceeding from smaller to greater 
angles. Then the angles which have a given ratio pjv to ^ given angle will 
be finite in number, and therefore one of them will be the smallest. We take 
this as the ‘'principar* angle having the ratio pjv to the given angle, and 
define to mean the relation between two angles consisting in the 

fact that the first is the “ principar'. angle having the ratio pjv to the second. 
Then of all the ratios between the two angles, the ratio fijv may be regarded 

30 
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as the “principal” ratio. It will be found that, with suitable hypotheses, 
has the properties required in order to make measurement possible. 

In order to make the above method feasible, Certain properties must be 
turned to hold concerning the family k, (These properties are all verified 
in the ^es that arise in practice.) We shall therefore only speak of a family 
as cyclic when it fulfils the following conditions : 

(1) It must be connected. 

(2) It must contain a non-zero member which is identical with its 
converse. This is the property which makes the family cyclic. In the 
case of angles, the member in question is tt. 

(3) It must be such that is transitive. This is the property 

which enables us to arrange the field in a series. It will be observed that 
Uk, cannot be transitive, since, if is the member which is its own converse, 
we have 

(I U.K, . K, u. (I [ 

but we do not have (/ (/ because is contaiued in 
diversity (by 9|t336 G). It is, however, possible that should be transitive 
so long as we do not start from and this we assume as part of the 

definition of cyclic families. 


(4) In order to avoid trivial exceptions, we assume that fc does not have 
only two members, since otherwise it might consist only of I and 

We are thus led to the following definition : 

FM cycl = (JW conx -2) ntc trans : (giT) .K = K] Df, 

We prove that there is only one such relation as K, and therefore put 

K,^{iK){K€Kq.K^K) Df. 

Also for the sake of brevity we put 


Df. 

We then prove that is a family having connexity, and satisfying the 
condition 


i.e. having the domain of a member always identical with the common 
converse domain. Thus by 9^334*21, /c* = ac u Cnv^^/c. 

In a cyclic family, k u Cnv^^Ac consists of two mutually exclusive parts, 
namely and (In the case of angles, K^\R would be tt + jB. 

Thus would be the angles from 0 (exclusive) to tt (inclusive), and | 
would be the angles from tt (exclusive) to 27r (inclusive).) Also | 
consists of the converse.s of 


We tak3 up next (^1^371) the question of arranging k \j Cnv*U in a series. 
For this purpose, in order to avoid circularity, we have to erect a barrier at 
some point ; we choose 1^ as this point. By the definition of cyclic families. 
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is transitive; hence, since the family has connexity, is serial. 

This relation therefore arranges all the members of tc^ in a series, beginning 
with Kk and proceeding towards /*, In order to extend our series to 
Kk I we only have to make j R precede iT* | /S if R precedes 8^ where 
R and 8 are members of That is, we arrange in the order 

1^ This gives a series which begins 

with and proceeds towards without 
reaching it. Thus taking the sum of the 
above two series (in the sense of *160), we 
get a series whose field is /c u Cnv‘^/e, which 
begins with /«, travels through | to 
and on through towards /k, without quite 
reaching again. This relation we call 
the definition is 

Df. 

Taking an arbitrary origin, a vector may be indicated by the point to which 
it carries the origin. Thus in the figure, is at the origin, is opposite 
the origin ; the upper semi-circle, including both ends, is k ; not including 
the right-hand end, it is the lower semi-circle, including both ends, is 
Cnv^^/c; including K,, but not it is Cnv^^/c^; including but not 
it is Then starts from /*, and proceeds through the lower 

semi-circle first, and afterwards through the upper semi-circle, stopping just 
short of J*. 

If K is cyclic, is a series. Under most circumstances, if i?€/c, we 
shall have 

FW.Q.O.{P\R)W,{Q\Ry 

The investigation of the various cases in which this holds occupies a large 
part of *371. 

In the remainder of this Section, our work becomes more full of ordinary 
arithmetic than it has been hitherto. We shall therefore, where cardinals 
are concerned, abandon the explicit notation we have hitherto employed, and 
substitute the ordinary notation. Thus we shall write /a -f f in place of fi f, 
and /iF in place of /a f. We shall, however, retain /a — ^ f for subtraction, 
in order to avoid confusion with the sign of negation of a class. 

We proceed next (*372) to consider what is in effect the class of vectors 
not greater than the Fth part of a complete revolution (e.g. in the case of 
angles, not greater than 27r/F). We define this by means of the relation 
It will be seen from the figure that if is a non-zero vector, we shall have 
WkR'^, unless R^ belongs to the lower semi-circle and jB^^***' to the upper, 
in which case R^ The first time this happens is the first time that 

R^^ becomes greater than one complete revolution. Hence if, for every 
number <r less than f and not zero, R^^ W^R"^, it follows that R^ is not greater 


fcd 
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than one complete revolution, 8md therefore R is not greater than the i/th 
part of a complete revolution. The class of such relations we call Vk ; thus 
we put 

VK = {fc^ Cnv^'ic) njB(<r<i/.<r=|=0.Dir- W^R^) Df. 

The main propositions to be proved in this subject are 
Pev^.PW.Q.O.P^W.Q^ 
and (what is an immediate consequence) 

P,Q€2^,-D:P- = Q*'. = .P = Q. 

This latter proposition is the foundation of the theory of principal ratios. 

Another important property of i/* is 

so that Vk is an upper section of TT*. 

We proceed next (*373) to consider submultiples of identity, i.e. vectors 
R such that R^ — I„, where 1 / is a cardinal. We assume here, and almost 
always henceforth, that /c is a submultipliable family. We first consider 
vectors which can be reached from I,^ by successive bisections. We know 
that if = then R:^K^, because Hence by con- 

tinuing the same process we arrive at the existence of a vector Q such that 

Hence we easily arrive at the result that, if p is any inductive cardinal, 
there is a non-zero vector whose vth power is (This does not follow 
from AcePMsubm alone, because I/ = l^y so that from the definition of 
PAfsubm we cannot know that there is any vector except /,t whose i/th power 
is /,t*) Thence we prove that there are non-zero vectors whose i/th power is 
/,c, and which are such that no earlier power is J,c. i e. we prove 

(gP) :P€/c0.P*' = /,c:cr<i'.<7=fO.Dff. R^ 4" • 

The class of such vectors we call (/*, p). If R is such a vector, the number 
of different vectors which are powers of R is p. Hence the powers of R have 
a maximum in the order W* ; since JF* proceeds from greater to smaller 
vectors, this will be the smallest vector, other than /*, which is a power of P. 
Concerning this vector, we show that it is a member of i/„, i.e. it is such that, 
if <7 < 1 / . 0*4= 0, P^^^^ W„R^. Finally we prove that there is only one member 
of i/,e whose I/th power is /«. This will be what we may call the principal 
j/th submultiple of in the case of angles, it will be the angle 27r/i/. It 
will be observed that 27r/i/i/ always has identity for its i/th power, and has no 
lower power equal to identity if ft is prime to v. Thus the uniqueness of the 
‘‘ principal i/th submultiple depends upon the fact that it is a member of 
so that, by what has been proved in the previous number, no other inember 
of Vk has the same rth power. 
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We next, in a short number (^|e3'74), extend the last of the above results 
to any vector, proving that, if R is any member of /cuOnv^^/c, there is a 
unique member of Vk whose vth. power is JJ. We may call this the ** principal*' 
i/th submultiple of jB. We prove also in this number that, if 8 is the principal 
i/th submultiple of /«, consists of all vectors not earlier than 8 in the order 
Wk, ie. of all vectors not greater than 8. 

Finally (*375) we define ‘‘principal ratios’* and show that they are one- 
one and mutually exclusive. We denote the “principal ratio” corresponding 
to filv by “(/a/i^)«.** This is defined as the relation holding between R and 8 
when the principal /juth submultiple of R is identical with the principal i/th 
submultiple of 8\ that is, we put 

{m .Tefi.fsp,.R^Ti^.8^T-} Df. 

It is obvious that G (/x/i/) ^ /Ct ; and there is no diflSculty in showing 

that principal ratios are one-one and mutually exclusive. 

We have not thought it necessary to carry the development of this subject 
any farther, since, from this point onwards, everything proceeds as in the case 
of open families. We have given proofs rather shortly in this Section, 
particularly in the case of purely arithmetical lemmas, of which the proofs 
are perfectly straightforward, but tedious if written out at length. 



* 370 . ELEMENTARY PROPERTIES OF CYCLIC FAMILIES. 
Summary of *370. 

In this number, after the definition of cyclic families already cited, we 
proceed first to prove that only one non-zero vector is equal to its converse 
(*370*23). This one we define as Next we prove that, if J? is a non- 
zero vector other than R\K^ is the converse of a non-zero vector, and 

R\K^ is a non-zero vector (*370*31 *311), whence it follows that 
D^R = a^R - (*370*32), 

whence further we obtain 

=s d^^ic . K € FM connex (*370*33). 

Hence further, since by definition tc^"] is transitive, it follows that 
is a series (*370*37). The remaining propositions (*370*4 — *44) are concerned 
with the relations of the two semi-circles and | (cf. figure, p. 459). 
We have 

Cnv^^/tf = Kk I (*370*4), 

a: n u (*370*42), 

I = Cnv^^K - (*370*43), 

and n j = A (*370*44). 

* 370 * 01 . i^ifcycl = 

(FM conx — 2) n « 1 Uk€ trans : (giT) . K e , K — K] Df 

* 370 * 02 . K,^{iK){KeK^^.K^K) Df 
* 370 * 03 . Df 

* 370 * 1 . h ^ € FM oyoX . = : 

K € FM conx — 2 . /cg 1 Uk€ trans : (gi^ )- K — K [(*370*01)] 

* 370 * 11 . h : a: € conx . D . ] 17, G J [*336*6 . (*336*01 1)] 

* 370 * 12 . ViiceFM conx . 1 " trans . R,S e RV,S .8U,T . R^T 

[*370*11] 

* 370 * 13 . yiK€FM.K€K.K^k.^.K^=-h [*330*31 ] 
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*370*2. I- AC e FM coax - ACg “j U^e trans .Kexg.K^K.^i 

ReK-^.R\KeK.^.RU,(R\K).(R\K)U.B 

Dem. 

h. #370*13. DI-:Hp.D.i2| = (1) 

i- . #336*41 . (1) . D h : Hp . D . i2 {7. (i? I iT) . (ii I If) fT.jB : D h . Prop 

#370*21. I- ; Hp#370*2 .Re ks.R\K ex .R\K = I, 

Dem. 

h . #370*12 . Transp . D f- : Hp . RU. (R\K).(R\ K) U,R.:>. i2 jif ~6 ACg (1) 
I- . (1) . #370*2 . D 1- . Prop 

#370 22. I- : Hp #370*2 . Re >c^- i‘K . R\K r^e k 
D em. 

h . #370*21 . #330*32*5 . D h ; Hp #370 21 .D.R = K (1) 

|- . (1) . Transp . D I- . Prop 

#370*23. h:Hp#370*2.i2eAC9.i2 = ^.D.jB = if 
Dem. 

H. #331*33. D h : Hp . D . .R I ife AC VA Cnv“AC (1) 

H . #330*5*52 . #34*2 .Dh:Hp.D.Rl£’ = Cnv‘(E | K) (2) 

l-.(l).(2). DI-:Hp.D.iJ|ifeAc. 

[*370*22. Transp] D . = .S' : D h . Prop 

#370 24. 1- : AC 6 /"ilf cy cl . D . E ! if, [*370*1 *23 . (#370*02)] 

#370*26. h : . AC e/ilf cycl . D : ii e Acg . i2 = .R . 5 . iZ = if. [*370*24 . (#370*02)] 

*370 26. \-:KeFM cycl . K^e k„. = K, . K^‘= /. [#370*24*25*13] 

*370*3. I- : « e FM cycl . RU^K., .1> . R = Ik 
D em. 

1-.#336*41 .DI-:.Hp. D: fie*; (a-S).5f€Acg. R = ir. IS (1) 
h . (1) . *370*21*24 . D h . Prop 

#370*31. I- : « € FM cycl . J2 e ACg — t‘if< . D . i? j if, e Cnv“AC 9 
[#331*33 . #370*22] 

#370*311. I- : Hp *370*31 . D . .R i if, e /cg 
Dem. 

• 1* . #370*31 . D h : Hp . 3 . if, | i{ e /cg . 

[#330*5.#370*26] 3 . .R I .K", € -cg : 3 h . Prop 
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037032. h : KeFMcycl .Eeic.D. = a^R = 

Deni. 

I- . »50-5-52 . D 1- . D‘/, = a‘/, = s‘a‘ V (1 ) 

I- . *370 26 . *330 52 . D I- ; Hp . D . D'/f, = Q'iT, = s‘a“« (2) 

t- . *370-31 . *330 52 . D 1- ; Hp . Jl € icg - . D . T)\R j K,) = s‘a“K . 

[*330-52.*34-36] D.D‘E = s‘a“« (3) 

l-.(l).(2).(3).DI-.Prop 

*370-33. !":«:€ FM eye] . D . D“/c = Q.“k . k e FM connex 
[*370-32 . *334-42] 

*370 34. H : « 6 FM cycl . D . f/* e connex [*370-33 . *336 62 . (*336-011)] 
*370-35. 1- : Hp *370-31 . D . ~ (RU.K,) 

[*370-3 . Transp . *370-34] 

*370*36. I- : #c € FM cycl . D . /eg ] U^e connex . C‘k^ ■]{/» = « 


Dem. 

h. *336-41. DHiHp.D.OVg] 
h. *370-34. ,DI-;.Hp. JJ,;Se/cg.jS=i=-S.D: 

RMV,)S.m.SMU,)R 
H . *336*41 . D I" ; Hp .jR€/cg.(S = /«.3.i? (/cg -] f7,) /S 
K. *336-41. DI-;Hp.Se/eg.i? = /«.D.6X*0l 
h . (2) . (3) . (4) . D h ;. Hp . 2?, -S e * . B + -S . D : 

R{Ks^U,)S.v.8(^S^U.)It 


f-.(l).(5).DI-.Prop 

*370-37. H : K € FM cyc \ . D . /eg"] U,€Ser [*370-11-1-36] 

*370-38. \-:K€FMcyc\.R,8€ic.':).R\S=^S\R [*330-561 . *37032] 

*370 4. I- : /« 6 FM cycl . D . Cnv“/c = \ “k 

Dem. 

I- . *370-31 . *330 5 . D h : Hp . D . if* | “(/eg - i‘K,) C Cnv“/e 
I- . (1) . *370-26 . D I- : Hp . 3 . ifj “« C Cnv“/e 
1- . *370-311-26 . DI-;Hp.Be/e.D.B|B',e/e. 


[*370-26] 

[*330-5.*37-6] 

h . (2) , (3) . D h . Prop 


D.(a/S).<S€/e.B = ,Sf|B,. 
D.Beiir,|“/* 


*370-41. h ;. /e 6 cycl . B, -S 6 /e . D : (B, i B) F, (B. j S) . = . B U.8 
Dem. 

1- . *336-54 . *370-33 . D 

h:.Hp.D:(B.lB)K(B,|-S).H.(aar).2’€^g.B.iB = r|B,|,S. 
[*330-5.*370-26] h . (gT) . 2’€ Kg . B = 2' 1 6' . 

[*336*41] = . RUk8 :. D I- . Prop 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


( 1 ) 

( 2 ) 


( 3 ) 



SECTION DJ ELEMENTARY PROPERTIES OF CYCLIC FAMILIES 


465 


*370‘42. h : A € FM cycl . D . « o Cn v“/e = t‘ J, w 
Derti'. 

h . *370-22 . D I- ; Hp . E € Kf, - . D . R 1 if ~ € k . 

[*370-311.Tran8p] D . JR ~ e /eg — i.‘Jf « (1) 

l-.(l). (2) 

. (2) . *370-26 . D h . Prop 

*370-43. l-:/e€Filfcycl.D.ir«l“/«s = Cnv“/«-t‘if, [*370-4] 

*370-44. l-;ie€i?’Afcycl.D.AgAif«l“Aa = A [*370-4243] 


R. Ss W. III. 



#871. THE SERIES OF VECTORS. 


Summary of #371. 

In this number, we begin by defining the relation TT*, which takes the 
place, for cyclic families, of the relation F* defined in #336. The definition 
is 

#371-01. Df 

Then if ic is a cyclic family, is a series (#371*12), and its field is /r w Cnv^^/r 
(#371*14), which since k has connexity. It will be observed that F« is 
not a series if /r is a cyclic family ; we have e.g. The above 

relation is constructed so as to make a barrier at /*, thereby preventing 
the relation from being cyclic. 

If P, Q are both members of or both members of \ 

PTF.Q . = . (gT) .T€k^.P^Q\T (#371*15*151). 

Most of the properties of depend upon the fact that is transitive, 

in virtue of the definition of cyclic families. If k is any connected family, we 
have 

trans . = i P,Q,Q\R,P\Q\Re . Re k . Op,Q,ji . P | Q e (#371*2). 
This proposition is required for most of the subsequent proofs in this number. 
It leads at once to 

#371*21. hzK€FMcycl.P,Q,Q\R,P\Q\R€K^.R€K.O.P\Q€K^ 

Most of the propositions of this number are concerned with the circum- 
stances under which we can infer (P | R)Wk {Q 1 R) from PW^Q. We have 

#371*31. !-:-«€ PAT cycl . Re tc^: P e fc^ .v . P\Rr^ e : 

PW,Q.D.{P\R)W,(Q\R) 

Another useful proposition is 

#371*27. h KeFMcycl .PyQeK^^^ zPW^Q . = . QW^P 

#371*01. Df 

#371*1. h /c € PAf cycl . D :: P TF« Q . = :• P, Q e AT* | z 

(gP, S) .R,SeK^. RU^S .P^K^\R.Q^K^\8zvz 
P,Q€k^. PU^Q zvzPeK^l . Q € /cg 
[9|f202-55 . #370*34 . (#371*01)] 
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#37111. 

Dem. 

I- . #330*31 . D h ; Hp .R,S€ic.K\R^K\8 .R = Si'^\- . Prop 
#371*12. h:*:e.Pifcycl.3.TF.eSer [#370*37*44 .#371*11 .#204*21*6] 
#371*13. h : * e FMcycX . D . F, - (Cnv"/r - ^ U. ^*9 [#370*41*43] 

#371*14 h ; « e FM cycl .. D . 0‘ F,.=* k w Cnv‘*/c = kqv “*3 

Dem. 

I- . #202*65 . #370*34 . #160*14 . 3 H : Hp . 3 . C‘ F, = iT. | “/eg w /eg 
[#370*43] = /e w Cnv“/e : 3 I- . Prop 

#371*16. h:./c€/F'ifcycl.P,(2e-eg.3:PF.g. = .(a2’).7’6/eg.P = Q|7’ 
[#370*44 . #336*41 . (#371*01)1 

#371161. \-i.KeFM cycl .P,QeK,\ “/eg . 3 ; P F.Q . = . (gP). Te/eg . P= Q1 P 
Dem. 

h . #370*44 . #336*41 . 3 h Hp . 3 : 

P F. Q . H . (gP, /Sf, P ) . P, -Sf, P e -eg . P = .S I P . P = JT, I P . Q = .fir, I /S . 
[#370*26] = . (gP) .P€/eg.P = Q|P:.3l-. Prop 

#371*162. h : /e 6 FM cycl . P e iT. | “/eg . Q e Kg . 3 . PF.Q [#371*1] 

#371*16. h;/ecPifcycl.Pe/eg.PF.Q.3.Qe/eg [#370*44 . #371*1] 

#371*161 H : /e e PM cycl . Q e P. | “/eg . PF.Q . 3 . P e | “/eg 

[#370*44. #371*1] 

#371*17. 1- ; -e e PM cycl . Q, Pe /eg . 3 . (Q I P) F.Q . (Q 1 P) F.P 
[#371*15*152] 

#371*18. I- : /e 6 PM cycl . 3 . F/P, = P. | “/eg . F/P. = /eg - t‘P, 
[#371*15*152 . #370*311*22] 

#371*18. I* :. /e € PM cycl . P =[=/,. 3 ; PF»P, . = . P,F,P 
[#371*18. #370*43] 

#371*2. h :: /eePMconx . 3 :. /eg] U^e trans . = : 

P. Q, Q i P> P I Q I P € /eg . P 6 /e . 3p. Q, B . P j Q e -e 9 

Dem. 

\- . *.336*41 . 3 1- :. Hp . 3 : P(/e9 1 tr,) -S . -SCeg 1 £7.) P . = . 

(gP.Q).P,Q,-S.P 6 /e 9 .Pc/e.P=Pl-g., 8 =QlP (1) 
h . (1) .#13*21 . 31- :: Hp . 3 :. /eg] £7(6 trans . = : 

P,Q.(2|P,Pl(3|Pe/eg.Pe/e.3p.<j.B.(P|QlP)£7«P ( 2 ) 

I-. #330*31*5. 3 


l-;.Hp.P,Q,Pe/e.M6/eg.Pi(21P = M|P.3.Pl<2 = M 
l-.{3).#336*41.3l-:.Hp.P.Q,P,P|Q|P6/e.3: 

• (PigiP)£7.P 


I-'. (2) . (4) . 3 h . Prop 


(3) 

PlQ**a (4) 
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^71‘21. I- mec^'ilfcycl.P, Q, Q|U, P|Qli2€«g.iJe*.D.PlQ««g 
[*371-2. *37011 


*371*22. h : « e PJl/cycl . P,R,P\Jt€ k^. PW^Q . D . Q | P e #cg 
Dem. 


h. *37115-16. 

h.(l). 

[*371-21] 

31-:Hp.3.(gP).e,Pe/.g.P = Q|P 
3(-:Hp.3.(gP).Q,P,P.QlP.<31PlP6«g. 

3 . Q 1 P £ «g : 3 (- . Prop 

(1) 

*371-23. \-:k€FM cycl . TW,S . 3 . PF, (S j P) 

Dem. 


V . *330-31 .*370-38 

.3(-:Hp.3.P = Pi(S|P) 

(1) 

l-.(l). *37115-16. 

3 (■ : Hp . P,S| P£<eg . 3 . PF«(S| P) 

(2) 

(•.*371-1516 . 

31-:Hp.P€<eg.3.S|Pe*g 

(3) 

K(2).(3). 

3(-:Hp.P£/cg.3.PF«(S|P) 

(4) 

(-.*371152. 

3l-;Hp.P~£/eg.S|P£/«g.3.PF,(S|P) 

(5) 

(-. *371-151-161 . 

3 (• : Hp .iS~£«g.3.P~€*g.iS|PeAeg 

(6) 

(-.(5). (6). 

3 (■ : Hp . /S~€*g . 3 . PF, (S| P) 

0) 

1- . (1) . *371151 . 

3 (• ; Hp . P, /S 1 P~ £ iCg . -Sr £ . 3 . PF. (-S 1 P) 

(8) 

(-.(5). (8). 

(-.(4). (7). (9). 31- 

3 (• : Hp . P~ £ «g . (S e ACg . 3 . PF, (P j P) 

. Prop 

(9) 


*371-24. l-:/eePilfcycl.P,P,P|Pe/eg.PF,Q.D.(PlP)F,(Q|P) 

Deiu. 

h . *371-15-16 . D h : Hp . D . (g?’) . P, Q, P,P | P, P c/cg . P= Q| P. 
[*37l-21.*330-5] 3 . (gP) . P| P, Q | P, Pe /*g . P 1 P = Q 1 P | P. 

[*371-15] D.(P|P)Tr,(Q|P):3h.Prop 

*371-241. H : * 6 Pilf cycl . P, P c /cg . P | P ~ e /cg . PTT.Q . D . (P | P) F. (Q | P), 
Dem. 

l-.*37ll52.Dh:Hp.Q|P««g.3.(PlP)F«(Q|P) (1) 

1-. *37115.3 

f- : Hp . Q|P~e«g . 3 .(gP). Pe^g.PjP, Q|P~6Ai:g.P|P = QlPlP. 
[*371151] 3.(P|P)F,(Q|P) (2) 

h.(l).(2).3l-.Prop 

*371-26. H : * 6 PM cycl . P, P e <cg . PF.Q . 3 . (P I P) F. (Q | P) 
[*371-24-241] 
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*371-261. \-:K€FMcyc\.B.R\QeKs.PWiQ.-:>.iR\P)W,(R\Q) 

Dem. 

V . #371-25 . Transp . *37112 . D 

V-.KeFMcyc\.P,ReK^.{Q\R)W,{P\R).-^.QW,P ( 1 ) 

t- • (1) — p ^ • 3 t- • Prop 

*371-26. I- i. K e FM cyd : P, Qe/tg. v . P, Q^c/eg : D : 

PW,Q.^.{K^P)W,{K,\q) 

Dem. 

I-. *37 1-25. *370 26. :Kp . P eK^. PW.Q .(K,\P)W,{K,\Q) (1) 
h . *371-251 . *370-26 . D I- : Hp . Q e /cg . (iT. | P) IT. 1 Q) . D . PIT^Q (2) 
K(l).(2). Dl-;.Hp.P,Qei.g.D:PF.Q. = .(ir,|P)F«(^r,lQ) (3) 

I- . (3)'^^'^’ ^ . *371-14 . D 

l-:.Hp.P,Q~e>t9.D:PF.Q. = .(i:,|P)F,(Ar.lQ) (4) 

H.(3).(4).Dh.Prop 

*371-27. h :. /« € FMcyd . P, Q e /cg . D : PF.Q . = . QF^P 
Dem. 

I-. *371-15. D I- :.Hp.D:PF.Q. = .(ar).P€i»:g.P = Q|P. 
[*370-33] =.(gP).re/eg.Q = P|P. 

[*37l-151-19.*370-43] = . QF^P :. D h . Prop 

*371-3. l-;ie€PMcycl.P€/cg.P|P~6*g.PF,Q.D.(P|P)F,(QlP) 
Dem. 

h . *371-27 . D I- ; Hp . D . QF,P . 

[*371 -251] O.iRlQ) F. (P | P) . 

[*371-27] D.(P|P)F.((2|P);Dh.Prop 

*371-31. h ;. « e FM cycl .Pe/eg:Pe«g.v.P|P~6*g;D: 

P F,(2 . D . (P I P) F, (Q I P) [*371-25-3] 



# 372 . INTEGRAL SECTIONS OF THE SERIES OF VECTORS. 


Summary of #372. 

The subject of this number is that section of which consists of 
vectors not greater than the i/th part of the whole circumference of the 
cycle. This is defined by means of TF*, as consisting of those vectors which 
(taking TT,, as greater than ”) are such that is greater than R^ so long 
as <r < I/. It will be seen that so long as R^ and all earlier powers of R 
do not exceed /«, R satisfies this condition; but if jSr«| while 
R^^€K^f we shall have R^W^R^K Thus our definition selects those vectors 
which, starting from any origin, do not, by v repetitions, take us farther than 
once round the cycle. The definition is 

9(^72*01. v^^(ksj Cnv^^K) njR(<r<i^.flr4=0.D^« Rr^^ W^R^) Df 
We then have lK = /cwCnv^'/« (*372*11), 
i.e. Vx diminishes as v increases (*37216) ; i/ > 1 . D . i'* C (*372*16). 

An alternative formula for sometimes more convenient than the one 
given in the definition, is (assuming i/ > 1) 

i/,t = #C0 A P (/tA < V . 0 • P*'*’* € • P^ € («i^372*17) ; 

%.e. so long as /A < I', either P^ comes in the upper semi-circle, or P^"^^ comes 
in the lower semi-circle ; that is to say, the step from P^ to does not 
cross /«. For an even number (not zero), this leads to a simpler formula, 
namely 

(2y), A ^ (/A < 1/ . /A 4= 0 . . P* e (*37 2*18). 

We have next a set of propositions leading up to 
*372 27. h KeFMcycl . v e NC ind — . P e . PTT^Q . D : 

whence, since TT^ is a series, we obtain 

*372*28. h € FMcjcX . v e NC ind — e'O . P, Q e v* . D : P*' « . = . P = Q 

It is largely owing to this proposition that i/« is important., in virtue 
of this proposition, there is in at most one vector whicti is the i/th sub- 
multiple of a given vector. We shall show later that, if « is a submultipliable 
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cyclic family, there is at least one such vector ; hence there is a unique vector 
in which is the i/th submultiple of a given vector. This does not hold in 
general for larger classes than v^, 

A specially useful case of the above proposition is obtained by putting 
v«2, which gives, in virtue of *372*13, 

*372*29. hi.fce FM cycl .P, = = Q 

The remaining propositions of this number are concerned in proving that 
is an upper section of TT*, t.e. 

*372*33. h : e Pif cycl . e NO ind . 3 . C 

*372-01. »», = (/«« Cnv«Ae) a.^(o-<.;.o- + 0.D,. W^R’) Df 

*372'1. = Cnv*‘/ie : <r < v . «• 4= 0 . W,R'’ 

[(*372-01)] 


*372-11. h . 

= /r w Cnv^'/r [*372*1 

1 . *117-53] 




*372-12. V : 

tc € FM cycl • P e if 1 

.3.Pir,P* 




Dem. 





h.*37l- 

152 • 3 h : Hp 

"i.RW^R? 



(1) 

h.*370- 

4*4 . 3 h ; Hp • JR^ e ku 

. 3 . Rtf R^ . R € tc ^ . R. • 

=p 

|P*. 


[*371-161] 

3.PF,P» 



(2) 

h . (1) . (2) . 3 h . Prop 





*372121. h: 

K € FJM cycl a Ft 6 tc^ a 3 # 

i2>F,P [*371-17] 




*372122. I-; 

a K € FM cycl ,0: Re 

. = .RW,R [*372-12-121. 

*371-12] 


*372-13. t- : 

KeFM cycl . 3 . 2 « = /e 0 

[*372-122] 




*372-14. h: 

K € FM cycl a 3 a -fir* ~ € 

3« 




Dem. 

ha*371*162a3h:Hp, 

, 3 . Kf^WtK ,^ : 3 1- . Prop 




*372-16. h : 

/A<|;a 3 a J/«C/X« 

[*372-1] 




*372-16. h : 

K € FM cycl a 1 / > 1 a 3 a i 

i»,C*0 [*372-16-13] 




*372-17. H : 

fC € FMcycl a 1/ > 1 a 3 a 






II 


.3^ 


Dem. 






H. *372-1-16. 

,*371-16.3 





f- : Hp . 3 . V, 

CACgA.P(/*<V.;*^0. 

€ ICg a 3^ a P^ € #C0) 



( 1 ) 

I-. *371-16. 

3 1- : Hp . P.P*‘,i^+> . 3 . P'+'TT.P^ 



(2) 

I-. *371-1,62. 

3 h ; Hp . P, P* e . 

P*-” e Kg . 3 . P*-*-* F,P* 



(3) 

I- . *371-151 . 

3 h : Hp .PeK^, P‘, 

, P‘+* ~ e Kg . 3 . P‘+*F,P‘ 



(4) 


h.(2).(3).(4).Dh:.Hp.Pe*a:P>‘€*a,v.i^-^>~eie3:D.P*‘-^>ir,i^ (5) 

h *372-1 . Dl- ; Hp. D.ieg a j^(^<i>.yi*4'0.jP*-^*e«3.D,,.P'‘«/C3)C»,(6) 
l-.(l).(6).DI-.Prop 
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h : « € FM cycl . v > 0 . D . (2i/)« = a P ^ v . /t ^ 0 . . P** e * 0 ) 


*37218. 

Dem. 

h . *872-1 , *371-12 . 3 I- ; Hp . P € {2v\ . D . P^- Tf.P- . 


[*372122] 

l-.(l). *372-17. 
h . *371 15-152 . 
t- . (3) . *371-25 . 
h.(4). 

[*117561] 

[*372-1] 
h . (2) . (5) . D H . Prop 


D.P- 


e/eg 


( 1 ) 


D I" ; Hp . D . (2i/)« C «g A P (yit ^ ^ 0 . . P** e /cg) (2) 


3 h : Hp . P. P** e «g . D - P'‘+‘ IT^P** 

3 h : Hp . P, P**-^^ Po e Kg . D . P^+i‘+' W^P'^+<‘ 

D h P € K^: fi . fi^O .'D/i. P** 6 Kg : D : 
yu, + 1 < 1/ . p < 1/ . . P'‘+o+* F«P»‘+o : 

D : ff < 2v . D, . P'-^’ W.P' 

D : P 6 (2v% 


(3) 

(4) 


(5) 


*372-19. f- : K e Pil/ cycl . /i, 1 / e NC ind — 1‘0 . P e . D . P** e v* 

[*372-1 . *371-12] 

*372-2. h : KePifcycl . k e NCind .Pev, <r 4=0.D.P'*Tr,P' 

[*372-1 .*371-12] 


*372-21. I- : K € FM cycl . 1 / e NC ind .Pevx‘2fi^v./j,^0.'^. 

P^Tr«P»*.P^6Kg 

Dem. 

l-.*372-2.Dh:Hp.D.P^TP«P^. (1) 

[*372-122] D . P** e Kg (2) 

l-.(l).(2).Dl-.Prop 

*372-22. I- : K € Pilf cycl . P F.Q . P, P** e Kg . P* W,Qr . 3 . P''^* F«Q'‘+> 

Dem. 

I-. *.371-25.3 1- :Hp.D.P*-^*TrKP I (1) 
h. *371-16. D f-:Hp. 3. Q^eKg. 

[*371-25] 3.P|(?‘Tf,(?‘-^* (2) 

h . (1) . (2) . *371-12 .31-. Prop 


*372-23. h ; K e FM cycl . v e NC ind . P e v* . 2y«. , fi^O , PTF^Q . 3 . 

P»*+* F'kQ'*-'-* [*372 21-22 . Induct] 

*372-24. 1- :. K € FM cycl . <r e NC ind — 1 ‘ 0 . P e ( 2 o-)* . P W^Q . 3 : 

/4 ^ 2o- . ^ 4^ ^ ^ ^ 1^*0'* 

Dem. 

I- . *372-21-23 . 3 h : Hp . f < (T . 17 < <r . 3 . P-, e Kg . Pf Tr*(3^ . P’ TT.Q’' . 
[*371-25] 3.Pf-^’'Tr«P'[Q<.P|(2fF,0f+’'. 

[*371-12] 3.Pf-*-’'F.(2f+»:3l-.Prop 
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#372-26. h A e FMcycl . o- e NO ind - 1‘0 . P e (2<r + 1). . PTT.Q . D ; 

/*<2<r.At4=O.D.P»‘ Wj;}r [*372-24-15] 


*372-26. h ‘.KeFMcycl . <reNCind . Pe(2<r + l)^.PW^Q. D . P^+'TT.Q"-*-* 
Dem. 

h . #372-26 . D h Hp . D ; P^^W,Q'+^ : (1) 

[#371-3] D:P»'-^»~e*:g.D.P*'-^'F',P'|Q^‘ (2) 

h . #37 1 -31 . (1 ) . D I- : . Hp : P' I Q'-^* ~ e *g . V . 6 *a : D . 

pr\Qr+lW^Qf^^ (3) 

I- . #372-21 . #371-15-151-152 . D t- Hp . D : P' | Q'+^W.P ' : 

[*371-16] D;P'|Q<^*€ACg.D.Q'-^>eACg(4) 


l-.(3).(4). Dh:Hp.D.P'|Q*’+>r.Q"-^' (5) 

h . (2) . (6) . *371-12 . D h : Hp . ~ e /cg . D . P»^* W,Qf^+' (6) 

f- . *372-22 . D h ; Hp . P"€ /icg . D . P"+> (7) 

I-. *371-16. *372-1. Dr :Hp.P"+*e*g.D.P»'eACg (8) 

h . (6) . (7) . (8) . D h . Prop 


*372-27. h ;. <c e FM cycl . v e NC ind - t‘0 . P e »»« . P W^Q . D : 

/t<y./*4=0.D.P»‘F,Q^ [*372-24-25-26] 

*372-28. ►■;. /cePilf cycl. j/eNC ind- t‘O.P,Q€»»..D:P' = Q». = .P = Q 
Dem, 

h . *371-12 . D h :. Hp . P4= Q . D : PW,Q . v . QIT.P : 

[*372-27] D : P- IT.Q- . v . Q- IT.P- : 

[*371-12] DiP' + Q' (1) 

h . (1) . Transp . D h . Prop 

*372-29. l-:.*ePJfcycl.P,Q6«3.D:P>=Q». = .P-Q [*372-2813] 

*372-3. h : /e € PJlf cycl . <r 6 NC ind - 1‘0 . P e (2<r), . P F.Q . D . Q e (2<r), 

Dem. 

1- . *372-18-27 .Dh:. Hp.D:/*<<r./t + O.D^.P»‘e*g.P»‘ WjQf ^ . 
[*371-16] D^.Q^e*g: 

[*372'18] D;Q€r,:.Df-.Prop 

*372-31. 1- :. AC e FMcycX . <r e NC ind — 1‘0 . P e ACg . D ; P WtP *' . D . P*»-*-* e «g 
Dem. • 

I-. *37116. DI-;Hp.Plf.P>'.D.P»'ei«g (1) 

• 1-. *301-23. Dh:Hp.D.P = P*'|P*'+> (2) 

h . (1) . (2) . *371-16 . D I- ; Hp . PIT.^ . D . P*^> e /cg ; D 1- . Prop 

31 
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«372'32. h:/ce FJfcycI . a e NC ind . Pe(2a- + 1), . PW»Q .D.Qe (2«r + 1), 
Dem, 

H t #372’3'15'17 . . Hp. 3 :/i^2a’. Q’*exg. D . Q’‘~*ejiC 3 ( 1 ) 

i" • <1(371*16 • <k 372*27’1 • D h ; Hp . Q** e X 0 • 3 • oj e Kg . 

[(►372*31 .Transp] 3 . ^ 1 F,P . 

[(►371*27] 3.5"F,P. 

[Hp] 3.Q*^F.Q. 

[(►372*31. Transp] 3 . Q*'*'** ~ e Kg (2) 

I- . ( 1 ) . ( 2 ) . Transp . 3 K Hp . 3 : ya < 2<r + 1 . Q** e Kg . 3^ . e Kg : 

[(►372*17] 3 ! Q € (2<r + 1 ). 3 h . Prop 

(►372-33. h : K 6 Pif cycl . V 6 NC ind . 3 . IT/'*., C k. [(►372-3*32] 



*373. SUBMULTIPLES OF IDENTITY. 


Summary of *373. 

The purpose of this number is to prove that, in a cyclic submultipliable 
family, there exists a unique vector which is a member of and satisfies 

= This we call the ‘‘principar* pth submultiple of /*. It is the 
smallest vector (other than /*) which satisfies The proof of its 

existence proceeds by several stages; the problem is analogous to that of 
the construction of a regular polygon. Suppose the cycle divided into v 
equal parts. Then a vector which takes us from any one point of division 
to any other is a vih. subrnultiple of identity. If v is prime, every such 
vector will have every power less than the z^th different from /«; but if v 
has factors, say p and < 7 , if = = thus which is one of the 

z/th submultiples of identity, has a power less than the z'th which is equal 
to We define (J*, v) as the class of those z/th submultiples of which 
have no power less than the i/th equal to ; more generally, we put 

*37303. (S,z;) = P(P*' = S:<7<z/.<r + 0 .D,.P- + S) Dft 

We then have first to prove the existence of a (/*, i;) when /c is cyclic 
and submultipliable. For this purpose, we put 

*37301. if.. = OP(Qe/ca-Q" = i") Dft 

I.e, is the relation of a z/th submultiple of P to P, when the submultiple 
of P is a member of It is to be observed that although k is submultipliable, 
we do not know to begin with that has submultiples which are members 
of /f 0 , except in the case of if*, which is half of /«. Owing to this, we proceed 
first by bisection, i.e, by means of the relation We prove that the 

process of bisection can be applied endlessly to any member of and always 
gives new terms (*373T4T3), hence it gives a progression starting from any 
member of (*373*141), and therefore the existence of a cyclic submultipliable 
family implies the axiom of infinity (*373*142) ; also we prove that v bisections 
starting from a member of give a member of (2*''*‘0<e (*373*15). Hence, 
taking as the member of to be bisected, we arrive at 

• /i = 2*'+^ . D . a ! /ra A (4, /.) (*373*17). 

In order to extend this reault to numbers not of the form 2 *'^^ we have 
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first to prove that there are /itth submultiples of identity. This we prove 
first for numbers of the form then for (2(7 + 1)2*' + !, and then for 

2(7 (*373‘2r22‘23) ; hence it holds generally, i.e. we have 

*373’26. h : /ee-Filf cy cl su bin ./icNCind — — -3.(aQ).Qe^0.Q'*=/K 

Next, we prove that, if Rcfc^ and !&*== 12*^= then /a, v have some 
common factor p such that R€(I^,p\ i,e. such that i2^ is the earliest power 
of R which is (*373’3). Hence if p is prime, and Rf^rszl^^ it follows 
that no earlier power of R is* /«, i.e. R€{Ik^p) (*373*32), and that, if 
Re{I^,p) and then /a is a multiple of p (*373*33). 

We now make a Iresh start with the general relation Owing to 

*373*25, we know that Also since /c is submultipliable. 

Hence if a is any inductive cardinal, (*373*404). 

Also it is easy to show that if i/ is a prime, and Qif ,.«•/«, Q*'* is the first power 
of Q which is /«. Hence when p is prime, a (/*, p*) exists (*373*43). In 
order to extend this result to numbers which are not powers of primes, we 
prove 

*373*46. h : € FM cycl - p Prm c .Re ( J*, p).Se (/«, cr) . D . i2 1 S € {I^^pa) 
Hence by the help of a little elementary arithmetic we arrive at 
*373*46. h : € FM cycl subm - p e NO ind -- . D . g ! a p) 

Having now proved that there are pth submultiples of J* which have no 
power short of the pth equal to /«, we have still to show that there is one 
among them which is a member of For this purpose, we take any one 
of them and consider its powers. It is obvious that it has only p different 
powei-s (*373 5), since after reaching 7^ the previous values repeat themselves. 
It is this fact which makes it easier to deal with submultiples of 7* than with 
submultiples of other vectors. 

Now let R be any vth submultiple of identity, and assume that S, T are 
powers of R, but T is not a power of S, and TW^S, Then <Sf | 7 is a power of 

12 but not of S, and T) (*373*53). Hence T is not the maximum, 

in the series of the class Pot^i2 — Pot^S, Hence by transposition, if T is 
the maximum of Pot*12 — Pot^S, we must have SWttT, Now since Pot'12 is 
a finite class, Pot^l2 — Pot^S must have a maximum if it exists ; but since S 
has the relation to this maximum, S is not the maximum of Pot'12. 
Hence by transposition, if 8 is the maximum of Pot^i2, Pot^R — Pot^S is 
null, and therefore Pot^l2 = Pot^/S (*373*54). Hence it follows easily that, 
if R€fc^n(I^,p), the maximum of the powers of 12 is a member of 
/cg a( 7*, v)(*373*55), and further that it is a member of i/,e (^*^73*66). Since 
we have already proved (*373*46) the existence of a p), we thus ^ave 

*373 6. h : € FM cycl subm . p e NC ind — . D . g 1 1 /« a S (/S*' = 7«) 
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The uniqueness of n 8 (S" — I,) follows from j|t372’28, and thus the 
principal vth submultiple of /« exists. Hence also it immediately follows 
that the other vth submultiples of are powers of the principal i^tb sub- 
multiple, and that the total number of Hb submultiples is v (^373*63'64). 

*37301. Dft [*373— s] 

*373'02. Prime = NC ind « ^ (/;* = <r t . s <r = 1 . v . <r = /i) Df 
#373-03. (-S,»-) = >(P-' = /S:o-<«/.<r + 0.D,.P'+/S) Dft [*373— o] 
*373-1. = = P [(*37301)] 

*373*11. h : « ePAf cycl . D . 1 — >1 [*372-29] 

*373-12. h : * 6 FMcyd . 3 . ilf„ G W, [*372121] 

*373-13. l-:«ePJfcycl.3.(Jlf»)poGTr«.(Jlf,.)poG J [*37312 . *37112] 

*373*14. h : /eePAf cyclsubm . Pe xg . veNC ind — 1‘0 . 3 . E I M^'’‘P 
Dem. 

h . *372-29 . *351.-1 . 3 1- Hp . 3 : Q e /cg . 3 . E ! M^‘P (1) 

I- . (1) . Induct .31-. Prop 

*373-141. I- ; « e FM cycl subm . P e «g . 3 . ^ ( J/„)j^‘P e Prog 

[*373-11-13-14] 

*373*142. 1- : 3 ! Pilf cycl subm . 3 . Infinax [*373*141] 

*373*15. I- ; * e FM cycl subm . P e . i> e NC ind . 3 . Mt^’’‘P e (2'+*), 

Dem. 

I-. *373-1-14. 3t-:Hp.Q = ilf».-“P.P=:if^-‘P.3.g' = P»' (1) 


h . (1) .*372-18 .31-:. Hp(l) . Q€(2'), . 3 ; 2(r< 2' . 3 . iP'exg (2) 
h. (2). *373-1. 31-;.Hp(2).3;2<r<2'.3.P"P»^*,P=,P€*g. 
[*371-2] 3.P*^'e/rg (3) 

I- . (2) . (3) . 31-:. Hp (2) . 3 : ^ 2' . 3 . P** e «g : 

[*372-18] 3:Pe(2-+‘), (4) 

I-. *372-13. 3l-;Hp.i; = 0.3.if«»‘P62, (6) 

I- . (4) . (5) . Induct .31-. Prop 

*373*16. I- * e Pif cycl subm . v e NC ind . Q = . 3 : 


g*'-"* = /, : p < 2'+- . p + 0 . 3^ . (?> + /. 

Dem. 

[-.*373-1. 3l-:Hp.3.Q‘’’ = P,. 

[*371-26] 3.Q»""* = /, (1) 

•h . *373-15 . *372-2 . (1) . 3 h :. Hp . 3 : p < 2*^^ . p 4= 0 . 3 . (2) 

l-.(l).(2).31-.Prop 
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*37317. 

*373-18. 

*373-19. 

*373-2. 

Dem. 


*373-21. 

*37322. 


*373-23. 

Dem. 


h : xe.j'ilfcyclsulim . veNCind . 3 • 3 ! /vg n 

[*373-16-14. (*373-03)] 

h:Qe Cnv‘‘/eg . = 7, . D . Q c *g . [*60-5-61] 

*■ : (aQ) Cnv“/ieg . Q» = 7, . = . (gQ) . Qe«g . Q'' = 7, 

[*373-18] 

I- * e FM cycl subra . v e NC ind . P =■ . 

-S € *g . S»’’+* = P . S*'-'* = Q . D . (?'+• = 7, . Q+ 7, 

I-. *301-6. Dh;Hp.D.Q^-^» = P»^* = 7, (1) 

H. *373-1. Df-:Hp.D.P»'-^» = 7r.|P. 


[*370-22] 

3.p.»+j^p. 


[Hp] 

3.p.»+i=|,,o.-+i. 


[*30-37] 

3.P + S 

(2) 

h . *301-5-23 . 

3l-:Hp.3.Q = (S*’’+‘)“l^ 


[Hp] 

= P>|N‘ 


[(2).*372-29] 

+ /« 

(3) 

h . (1) . (3) . 3 h . Prop 


V 1 K€ FM cjcl subm 

. V € NC ind . ^ = 2*' + 1 . 3 . 



(gQ).Qe*g.Q^ = 7, 

[*373-2-19] 


h : /ic € FM cycl subm . v, <r « NC ind . /i = (2<r + 1) 2’' + 1 . D . 

(aQ)'Q«*a'Q^“^« 

[The proof proceeds as in *373-2-21] 
h ; * € FM cycl subm . <r e NC ind . fi = 2<r .0 . (gQ) .Qe 

I- .*370-26 . D I- : Hp . D .7r€«g.7f»‘ = 7, ; D I- . Prop 


* 373 - 231 . I- :. reNCind . D : (g<r); <r eNCind;T=2a-.v.T=2«r+l [Induct] 

*373-24. l-:peNCind.p + 0.D. 

(gv, O’) .v,<T e NC ind . 2p + 1 = (2 <t + 1) 2*- + 1 

Dem. 

t-. *117-661.3 

H :. Hp ,X^v {(3t) . reNOind — 1‘0 -p — t2’'} .3:i/eX.D.p>i> (1) 

h. *116-301.3 1- :Hp(l).D.p = p2*. 

[*10-24] 3.0e\ (2) 

h . (1) . (2) . *261-26 . *263-47 . 3 h :. Hp (1) . 3 : 

(gi/);i/e\;/*> v.3^.>t~eX« 

I- . *116-52-321 . 3 h : p = t2*’ . T = 2<r . 3 . p = <72-+* 


( 8 ) 

(4) 
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H . (3) . (4) . 3 h :• Hp . D : (gi», t) ; v, t e NC ind . p = t2 ' 

^(St) . ~ (a^) . T =» 2o‘ : 

[*373'231] D ; (av. <>■) • v, <r e NC ind . p = (2tr + 1) 2' : 

[*116'52'321] D : (a**. »■) . v, «r e NC ind . 2p + 1 = (2o‘ + 1) 2'+* + 1 D h . Prop 

4(373*25. h:*eJfifcycl8ubm./tteNCind — 1*0 — i‘l .D. 

(aQ) . Q e *0 . - Z. [4(373*22*24*23*14] 


*373*3. h : « e FM cycl .p^O,v<^O.Reic^. Z^ = JJ' = /, . D . 

(a/». «. ^) •/>+ 0 • P + 1 •/*“«/»• v = ^/® ■ -R e (/„ p) 

Dem. 

h . *300*23 . D h Hp. D ; (ap) •p^O.BF^Jgia^p.a’^O. ( 1 ) 

f- . *301*2 . D h : Hp . ift* = /, . D . p + 1 (2) 

l-.*302*26.Dh:Hp.peNCind-t‘0.D. 

(a“> /9.7. ^) • ®P + /3 • " “ 7P + 8 • /S < p . 3 < p (3) 

I-. #301*23*604.3 

h ; Hp (3) . JJ** = /, . ^ = «p + y9 . 1/ = 7p + 3 . JJi* = ZZ' = J, . 3 . ZJ^ = B* = 7, (4) 
h . (4) . 3 h :. Hp (4) ; <r < p . <r + 0 . 3, . ZJ'^ 7, : 

/tsap + /8.vs=7p + 3:3./9 = 0.3 = 0 (5) 
H . (3) . (6) . 3 1- :. Hp :p4=0. Z&* = 7, :«r<p.«r + 0. 3,. Zi'^ 7, ;3. 


I- . (1) . (2) . (6) . (*373*03) . 3 h . Prop 


(a«.7)-P = «P*«' = 7P (6) 


*373*31. h;iice7'Jfcycl.ZZ6iiC0./t^=O.i»^sO. ZZ* = 7, . 3 . 'v* (/t Prm i>) 
[*373*3] 

*373*32. I- ; AC e FM cycl . Be Kg.p,e Prime . jB»* = 7, . 3 . ZZ e (7, , p) 

[*373*31 . Tmnsp . (*373*03)] 

We assume here that a prime number is prime to all numbers less than 
itself except 1. This follows at once from the definition. 

*373*33. l-:AC€7'Jlfcycl.ZZ6AC3n(7,,p).ZZ»*=7,.3.(aT).p=pT [*373*3] 

*373*4. 1- : QM„P . = . Q e *3 . P = Q' [(#373*01)] 

*373*401. 1* : AcePJlf cyclsubm . veNCind — 1‘0 . 3 .7,e(I‘Jf„ [*373*25] 


*373*402. I- ; AC e Pif subm . v e NC ind — 1‘0 . 3 . AC3 C (1*M„ [*373*4] 

*373*403. l-:i/eNCind-t‘0.3.D‘if„CAC3 [*373*4] 

*373*404. 1- : AC e FM cycl subm . i/, a e NC ind — 1‘0 . 3 . 7, e Q.‘M„* 

• [*373*401*402*403 . Induct] 


*373*406. I- : V, « e NC ind - 1‘0 . QM„^I, . 3 . Q-* = 7, [*378*4 . Induct] 
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*373-406. h : i;, a e NC ind - 1‘0 . if e . D . M„-‘R - if-* 

[*373-4 . Induct] 

*373-407. h : I/, a, 7 € NO ind - 1‘0 . . D . if'‘i/„r/, [*373 406] 

*373-41. h : I/, a, /3 € NC ind - 1‘0 . . RMMk . a < /8 . D . Q + if 

Dem. 

h . *373-405-407-403 . D h : Hp . D . O'" = I. . jB”' e * 3 : D I- . Prop 
*373-42. h : * 6 FMc^c\ . V e Prime — t‘l . a e NC ind . 

.<r<v*.<r=fO.D.O' + ^« 


Dem. 

I-. *373-405. *300-23. D 

h ;. Hp . D : (gp) :p + 0.O’ = /, :o-<p.<r4=0.D, .Q"4=-^» (1) 

I-. *373-33-406.3 

h :. Hp :p + 0.0'* = /, :o-<p.<r + 0.3,.Q'+-^«! ^ *(3^) .v' = pT. 

[Hp] 3.(a/9).p = .^ ( 2 ) 

h.*373-407.Dh:Hp./3 <0.3.0-^ + /, (3) 

h.(2).(3). 3h:Hp(2).3.p = »;‘ (4) 

I- . (1) . (4) . 3 h . Prop 


In obtaining (2) of the above proof, we assume that if v is a prime, and 
pr is a power of v, then p is a power of v. This is easily proved. 

* 373 - 43 . 1- : « e FM cycl subm . v e Prime — l‘l . a e NC ind — i*l . 3 . 

a ! A (/„ */“) [*373-404-406-42] 

* 373-44 h : 7 Prm p . 7 Prm o- . 3 . 7 Pnn pv 
Dem. 

V . *302-1 . 3 h :. 7 Prm p . ~ (7 Prm pa ) . a e NC ind . 3 . 

( 3 -r» a, ^) . T € NC ind — 1‘0 — t‘l . 7 = ar . po- = ySr ( 1 ) 
I" . * 303-39 . 3 h ; Hp ( 1 ) . T e NC ind — 1‘0 — t‘l . 7 = ar . pa = /3r . 3 . 

ylp=^aal^ ( 2 ) 


h . ( 2 ) . *303*341 . D h : Hp ( 2 ) . aa Prm y 8 - D . 7 = a<r (3) 

h . (3) . *302*1 . 3 h : Hp(3) • <r+ 1 . 3 . -^(7 Prm O') (4) 

h • *113*621 • 3 h : p € NC . <r = 1 • (7 Prm p<r) . 3 . ( 7 Prmp) ( 6 ) 

h . ( 6 ) . Transp . 3 1- : Hp(l) . 3 . <r 1 ; 

[(4)] 3 h ; Hp (3) . 3 . 'vi (7 Prm a) ( 6 ) 

h .*302-36 . 3 h ; Hp( 2 ) . ~ (a<v Prm /3) . 3 . 

(3?.V.0-fPrm»?*?+l.«a = fr./3 = il? (7) 
h . * 303-39 . 3 h ; Hp(7) . f Prm ii.f=]=l.a<7-«=f(^.;S = i7f.3. eia//3 = f /17 . 
[(2).*303-341] 3.7*f.p = i;. 

[Hp] 3 . ttpa — Ry = ap^r . 

[*126-41] 3.«r-|:T ( 8 ) 
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l-.(7).(8). DI-;Hp(7).D.(a?)-7 = «T.o- = 5T. 

[*3021 .Hp] 3 . ~ (7 Prm a) (9) 

l■.(6).(9). D H : Hp ( 2 ) . D . ~ (y Prra <r) ( 10 ) 

h . ( 1 ) . (10) . D 1- ; 7 Prm p . ~ (7 Prm p<r) . <r e NC ind . D . (7 Prm <r) ( 11 ) 

I- . ( 11 ) . Transp .31-. Prop 

*373-441. I- :. p Prm <r : (gS) . p /8 = So- : 3 . (g?) . /3 = f«r 

Bern. 

I- . *126-41 . 3 

h : Hp . p/3 = So- . p = fcr . S = ijsT . ^ Prm »> . 3 . = ija . ^ Prm i) . f Prm a . 

[*373-44] 3.f^ = i?o-.fPrmi7o- (1) 

l-.(l). 3l-;Hp(l).^+1.3.^+l.f=f x,l.i 7 o = f x„/8. 

[*302-1] ^ • ~ (^ Prm i)<r) (2) 

I- . (2) . Transp . (1) . 3 1- : Hp(l) . 3 . f = 1 (3) 

1 - . (1) . (3) . 3 h . Prop 

* 373 - 45 . h :KeFMcyc\ .pPrmo-.i?e(/«,p).)Se(/,,o-). 3 . | (8€(/,,po-) 

Dem. 

I-. *370-33. 3l-;Hp.3.(.RlS>>- = J. ( 1 ) 

l- . (1) . * 373 - 31 .31-:. Hp . {R I S)y = /, . 7 0 . 3 : ~ (7 Prm per) : 

[*373-44] 3 : ~( 7 Prm p) . V . ^(yPrm 0 -) (2) 


1- . *370-33 . *301-504 . 3 

I- : Hp (2 ) . p = ar . 7 = / 8 t . 3 . /, = (B i 5 )«0' = = Sof . 

[*373-33] 3.(gS).p/9 = S<7. 

[*373-441] 3.jg?).y9 = fo- (3) 

h.(3). 3l-:Hp(3).3.(B|<8)^' = /«.B«" = /«. 

[*370-33] 3.B^' = /,. 

[* 373 - 33 ] 3 . (g/t) . / 3 t = par . 

[Hp] 3 . (g/i) . 7 = /ip . p + 0 (4) 

I- . (3) . (4) .31-: Hp (3) . 3 . (gv) . 7 = vpa - . 1 / 4 0 (5) 

Similarly I- : Hp . ~ (7 Prm o-) . 3 . (g:>) . 7 = vper . y 9 ( 6 ) 

1- . (2) . ( 6 ) . ( 6 ) . 3 I- : Hp (2) . 3 . (gv) . .. + 0 . 7 = i;p<r (7) 

h.(l). (7). *117-62.31-. Prop 


*373'461. 1- :. p c NC ind — 1‘0 : ~ (gv, a).ve Prime . p =• v* : 3 . 

(aM> *') • M Prra v.p.<p.v<p.p — pv 

Dem. 

1-. *261 -26. *263-47. 3 

h ; Hp . 3 .(gy, a). 7 €Prime .peD'Xay'.p^eD'XoT""*-* .p + y*. 
[*373-44.Induct] 3 . (gy, «, y8) . 7 e Prime . p = 7 “^ . /3 Prm 7 * . /3 4 = 1 : 3 I- . Prop 


It XrW ffT 
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4(373'462. h :. «/ e Prime . a e NC ind . D,,, . (f> (v‘) : /t Prm i/ . . 3^, v • 

(/ip) ; 3 : /> 6 NC ind - 1‘0 . D, . <^ (p) [*373-451] 

f 

*373'46. h ; * € cycl subm . p e NC ind — 1‘0 — t‘l . D . g ! /eg a (7, , p) 

[*373-43-4518-452] 

*373-6. I- ; /e € FM cycl . p e NC ind . B c /eg a (/,, p) . D . Pot‘i2 e p 
Dem. 

\- . *302-25 . *301-504 . 3 

I" : Hp . a e NC ind . D . (gf, t}) . o. = + 7f , i) <. v . 72“ = 72^ . 

[*120-67] D . Nc‘Pot‘72 < p (1) 

h . *301-23 . Dh:Hp.p<p.ff<p.D.^ 1 72^ = 72^" . 

[Hp] . D.fi'|7&* + 7*. 

[*330-32] 3.7&* + 72' (2) 

h . (2) . Transp . D,!" : Hp .p<p.<r<p.72<‘ = 72".D.p=p (3) 

h . (3) . *120-57 . 3 I- ; Hp . 3 . Nc‘Pot‘72 > p (4) 

l-.(l).(4).3h.Prop 

* 373 - 51 . h : /e € FM cycl . 72 e /eg a (/,, /tp) . 3 . 72** e (/», p) . Pot‘72’* e p 
Dem. 

h. *301-504. 3 

h Hp . 3 : (72'*)“ = 7, :<r<p.«r4=0.3, • ^ 3 h . Prop 


* 373 - 52 . !■ ; /e e FM cycl . 72 e /eg a (/,, v) .p Prm p . 3 . 

72^ 6 (7, , p) . Pot‘E»‘ = Pot‘72 


Dem. 

V . * 373-33 . 3 h : Hp . JS** e (7* , p) . 3 . (gr) .pp — vr. 

[*373-441] 3.(gC).p = i'r (1) 

1-. *301504. 3h:Hp(l).3.(7&‘)“-7.. 

[Hp] 0.p<v (2) 

h.(l).(2). 3l-:Hp.3.72^e(7„p) (3) 

I- . (3) . *373 51 . 3 h : Hp . 3 . Nc‘Pot‘7&‘ = Nc‘Pot‘72 = p (4) 

l-.*91-6. 3h;Hp. 3. Pot‘72»‘C Pot‘72 (6) 

h . (4) . (5) . *120-426 . Transp .31': Hp . 3 . Pot‘72'‘ = Pot‘72 (6) 
l-.(3).(6).3l-.Prop 


*373-621. H z iceFM cycl .Re{K^ w Cnv“/eg) . pcNCind . 72’’«=7, .3.72 e Pot‘72 
Dem. 

!■ .*301-2 .*13-14 . 3 1- ; Hp . 3 . p=f 0 « (1) 

l-.(l). *301-21. 31-:Hp.3..B=:72-* >:3h.Prop 
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*373-522. I- : Hp *373-521 .S,Te Pot'ii . 3 . -S | T e Pot‘i2 
Dem. 



h . *373-521 . D 1- : Hp . D . Se Pot'S . 

[*91-6] D.SePot'iJ. 

[*91-343] D.S|r6Pot'.B:Dh.Prop 


*37353. 

h ; Hp *373-621 .8,Te Pot'i? . e Pot'S . TW^8 . D . 


Dem. 

TF, (S 1 T) . S 1 Te Pot'iZ - Pot'S 


h. *371-23. DI-:Hp.D.rF,(S|r) 

(1) 


h. *373-522. Dt-rHp.D.SITePot'ii 

(2) 


t- . *91-36 . Transp .DI-:Hp.D.S|r~€ Pot'S 
h . (1) . (2) . (.3) . D 1- . Prop 

(3) 

*373-531. 

H : Hp *373-53 . 3 . ~ {T = max ( F,)'(Pot'E - Pot'S)} 

[*373-53] 


*373-532. h ; Hp *373 521 . 8 e Pot'iJ . T = max ( ir,)‘(Pot‘i2 - Pot‘6’) . D . 

[*373-531 . Transp , *37112] 


*373-533. h : Hp *373 521 . 8 e Pot'JK . E ! max ( F,)‘(Pot‘ii - Pot'S) . D . 

~ {S = max ( >r,)‘Pot‘iJ} [*373-532] 

*373-54. h : Hp *373 521 . S = max ( Tr,)‘Pot‘i? . D . Pot'iJ = Pot'S 
Dem. 

h . *373-533 . Transp . D h ; Hp . D . ~ E ! max ( TF,)'(Pot'ii — Pot'S) (1) 
I- . (1) . *373-3-5 . *261-26 . Transp . D h : Hp . D . Pot'iJ - Pot'S = A (2) 
I- . (2) . *91-6 . D h . Prop 

*373*55. h : iceFMcycl . i/eNC ind — t'O . jB e/cg n (/,, v) . 

S = max ( ir«)'Pot'iJ . D . S € (/« , »<) 

Dem. 

h. *373-3-5. Dh:Hp.D.(ap).peNCind-t'O.Se(/.,p).Pot'S€p (1) 


I- . * 373 - 54-5 . D l- Hp . D : Pot'S e v : 

[*100-34] D:p6NC.Pot'S6p.D.p = v (2) 

h . (1) . (2) . D I- . Prop 

*373-56. l-:Hp*373 5.5.D.Sei/« 

Dem. 

H. *206-21. DI-:Hp.QePot'J?-t'S.D.Qir,S (1) 

I- . (1) . *301 -21 . D h :. Hp . a e NC ind . 5“+* 4= S . D : S-'*^-' IF^S . S«-^* = S« | S ; 

[*371-16] D ; S“+* € Kg . D . S« € Kg (2) 

h. (2). *373-55. D h ;. Hp . D : a + 0 . a < v . S‘+> eKg . D . S'eKg (3) 

h. *371*16. D I- ; Hp . D . SeKg (4) 

h.V301-2.*13-14.DI-:Hp.D.»/>l (5) 

h . (3) . (4) . (6) . *372-17 . D I- . Prop 
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«373'6. \- '.Ks FM c.yc\ subm . v e NC ind — 1‘0 . D . g ! i', n )S {8" = /«) 

[*373-46 56-5 . *261-26 . *37211] 

*373-61. h:Hp*373-6.3.i/,rtS’(S'’ = /.)6l [*37228 . *3736] 


#373-62. H : Hp *373 6 . S e . /S* = 4 . D . 

8 e (/«, P) . Pot‘-S = P (P' = /.) n (a: w Cnv“/e) 

Dem. 

h . *373-55-56-61 . 3 h : Hp . D . iS’€(4, v) (1) 

h . *37356-54 . 3 h : Hp . Re{I^,v) f\ k^.T = max ( Tr«)‘Pot‘P . 3 . 

8 , T e Vg . 8 " = T* . P e Pot‘P • 


[*372-28] 
[*13-12] 
h. *373-33. 
y . *372-19 . 


3.P=P.PePot‘P. 

3.P6Pot‘P 

3 h : Hp . P € (/,, /a) n Af^ . P" = /, . 3 . (gx) . v = /ax 
3 h ;. Hp . 3 : v = /*x . 3 . /S’- e /*« . 


[(2)] 3.PePot‘-S" 

h.(3).(4). 3h;Hp(3).3.PePot‘S 
h . (1) . (2) . (5) . 3 h . Prop 


( 2 ) 

(3) 

(4) 

(5) 


*373-63. h : a: e FM cycl subm . v e NC ind — 1‘0 . 3 . 

P (P- = Ig) r>(MV Cn v«a) - Pot‘(iP) (86Pg.8‘’ = Ig) [*373-61-62] 

*373 64. I- ; AC e PJf cycl subm . i/ e NC ind — t‘0 . 3 . 

Nc'jP (P- = Ig) n (« w Cnv“Ae)} = p [*373-63-5] 



* 374 . PRINCIPAL SUBMULTIPLES. 


Summary of *374. 

In this number we prove for any vector what was proved for in *373, 
namely that, if v is any inductive cardinal not zero, and R is any vector, 
there is just one member of i/» whose vih. power is R. This one we call the 
principal ’’ pth submultiple of i2. The proof of its existence is as follows. 

Assume i2 is a non-zero vector, and Q is a i/th submultiple of R. (Q exists 
provided we assume that k is submultipliable.) Let T be the principal i/th 
submultiple of whose existence has been proved at the end of *373. We 
wish to prove that there is a i/th submultiple of R which is a member of 
By *372 33, Q is a member of if TW^Q. But if QW^T, then T must have 
a last power such that and for this value of a we shall therefore 

have (We cannot have because if Q were a power 

of T, we should have ^ Ik* whereas by hypothesis = R,) Now if 

, QW^T^y the vector T^\Q must be less than T, i,e, we shall have 
TW^ I Q), and therefore | Q will be a member of i/<, by *372*33. More- 

V/ 

over since = /*, we have {T^ | Q)*" = = JZ by h 3 rpothe 8 is. Hence T*' | Q is 

a i^th subraultiple of R and a member of In virtue of *372*28, it is the 
only i;th submultiple of R which is a member of v^. Thus the existence of 
the principal vih submultiple of any vector is proved, assuming the family 
concerned to be cyclic and submultipliable. 

We prove also in this number that r* consists of all non-zero vectors 
not greater than the principal vth submultiple of /«, which is therefore the 
greatest member of ; that is, we have 

* 374 * 21 . h : ic € FM cycl subm . D . = ( Wk)^\iR) (iZ € i/« . 22*' = /«) 

* 374 * 1 . h iic e JW cycl . 2Z, Q e #C 0 . Q*' = iZ . Te . T*' « /« . D : 

TW.Q.^.Qev^ [*372*33] 

The above hypothesis is not all necessary for the conclusion, but is 
adapted because it gives the construction with which we shall be con- 
cerned. 
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*37411. h : Hp *3741 . Q T . D . (a<r) .T’+'W^Q.Q W, T’ 

Dem. 

I- . *301-604-3 . D h : Hp . o-eNCind . D . Q+ T' (1) 

h. *373 62-6. D f- : Hp . D . Pot'Te i/ . 

[*261-26] D . E ! min ( Tr,)‘(Pot‘r a (2) 

h. (1). (2). *372-1. Dh. Prop 


*374-12. h ; Hp *3741 1 . 7’'+* W,Q. QW^T'' . P = T-'IQ.D .P ev^ 
■Dem. 

1- .*371-23-16 . D h :. Hp. D ; PeiCg. T'e/cg ; 

[*371-25] D:PTF,2’.D.P|2’'ir.2’'-^>. 

[Hp] D.(2ir.P<^>: 

[Tiansp.Hp] D ; TW^P : 

[*372-33] D : P 6 1 >, ;. D H . Prop 

*374-13. h : « € FM cycl subra . Re . (gP) . P ev^ . P* = R 


Dem. 

I- .*374-1 . D h : Hp*374-1 . TTf.Q. D .Qev,.Q* = R 

h .*374-12 . D f- ; Hp*374-12 . D . Pep. . P' = P 

h . (1) .(2) .*374-11 . 3 I- : Hp*374-1 . 3 . (aP).P6i». . P' = P 
h . *373-6 . 3 1- : Hp . 3 . (gP) . Pev, . P- = /. 

l-.(3).(4).3h.Prop 


( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 


*374-14 H ; K e FM cycl subm . Re k\j Cnv“« . 3 . (gP) . P e i», . P' = P 
Dem. 

I- .*37'4-13 .*373-6 . 3 h : Hp . Ag . P = S. 3 . 

(aP. Q) . p, Qe . P' = /. . ^ = p. Pj=p . 
[*372-27] 3 . (gP, Q) . P, Q e j/. . PF.Q . (Q \Ty = S = R. 

[*37l-16.*372-33] 3 . (gP, Q).T,Qev,.Q\Tev^.iQ\Ty^R (1) 

I- . (1) . *374-13 . *373-6 . 3 1- . Prop 

*374-2. ViKe FM cycl subm . Re k\j Cny“K .D.Vxf^P (P* = P) e 1 

[*374-14. *372-28] 

*374*21. b : « e FM cycl subm . 3 . i»« = ( W^)^*{iR) (P e v, . P' <= /,) 

Dem. 

b. *374-2. 3b;H^.D.El(iP)(Pei;,.P'’ = /,) (1) 

b. *372-33 . 3 b : Hp .Pev, . P’' = /, . 3 . (V.^PCv, (2) 

b . *372-152 . 3 b : Hp . Pe v, .P» = . Pei», . 3 . P’'(F.)*P' . 
[*372-27] . 3.P(F.)*P (S) 

b.(l).<2).(3).3b.Prop 



*376. PRINCIPAL RATIOS 


Summary of *375. 

In this number we define a relation (/i/i')*, which is contained in 
but has the advantage of being one-one, and of excluding (p/<r)« 
unless fi/i/ == p/o-. The relation (/i/i/)« is defined as holding between R and S 
when the principal /Ath submultiple of iJ is identical with the principal vth 
submultiple of /S, Le, we put 

*37601. = M {(gT) .T .S^T-\ Df 

(Here /i* n = //.* if Vy and = if v'^ fi, by *372*15.) 

The properties of (m/i;)* result from *374*2. We find that, except when 
fi:=zps=s0 or f==t; = 0, 

m/*' = ?/’?• = • = Wv)k (#37 5-27). 

= AC w Cnv“<c (*375'141), 

and D‘(/a/v), = ( (#37 5'22). 

The principal vth submultiple of 8 is {ljv%‘S, and its ^th power is 
(/*/>')«‘'S. Also we have 

(l/p)/(l/v),‘S = (lIpvVS (*37515), 

Nevg.D . (l/p\‘N € {pv\ (#37 5T6), 

(/*/*-)« = (/i/1), 1(1M, (#375-2). 

The propositions 

(/i/v)* I (p/<r), = (/i/v X, p/er), 

and {(/t/v),‘i2j \ {(p/o-),‘i2) = (/i/v +, p/<t)/R 

do not hold without limitation. The former requires either 

p.'^v . V . <r^p, 

or that the converse domain should be limited to 

{W^\<rlpyi., 

t.c. to D‘(<r/p),. 

The latter requires either 

/*/" +* P/®" <r 

or Re Q‘(/t / V +» pi cr \ . 


Except in the trivial case when /A SI 0 . fsO. In this case, (/s/i>)^K, =A but (/i/r),=/, jl,. 


9 
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*376-oi. (/*»« = M Ka r) . r e n p. . ^ = 7’'* . -s = r'} Df 

*3761. \■■.R(^/v%S. = .(^T).Te^,f^v,.R^T>-.S^T’’ [(*37501)] 

*370*11. t- : A € FM cycl • fi.ve NC ind — 1‘0 . 3 . (/i/p)« « 1 — ► 1 
Dem. 

\- . *372*28 . D 

l-:Hp.JS6«wCnv“ie.7’, Tr€/t,Ai.«.ii = 2’<*= >^'*.3.2’= F (1) 
I- . (1) . *3751 . 3 f- : Hp . ie (^Ip),S . R(filv). S'. 0.8 = 8' (2) 

Similarly h : Hp . R (/i/i')« 8 . R (ya/v)* 8 .0 .R— R' (3) 

h . (2) . (3) . 3 1- . Prop 

*376*12. h’.K€FMcyc\.r..^{fi = v = 0).0.(jj./p),(l(/j,/v)lK. [*370*33] 
*376*13. l-.(>./At), = CnvV/»')« [*375*1] 

*376*14. b i fi'^p . Ke FM cycl subni . 3 . D‘(/i/i»), = « u Cnv“/c 
[*374*2 . *372*15] 

*376*141. ^ i; . * cycl subm . 3 . Q‘(/4 /i;), = * u Cnv“Ac [#376*13*14] 

*376*16. h ; KeFM cycl subm . Se/c w Cnv“/c .p,P€ NC ind - i‘0 . 3 . 

(l/p)«‘(l/p).‘S = (l/pp)«‘S 

Dem. 

V . *375*14 . 3 1- : Hp . 3 . E 1 (l/p)/(l/./),‘S . E ! {IjpvyS (1) 

h . (1) . *375*1 . 3 h Hp . 3 : Jl/ = (l/p)/(l/»»)/S . = . 

(aiV).iV^e»<..ilfep..iV' = /S.J/o = iV (2) 
h .(1). *375*1 . 3 1- Hp. 3 ; Jlf = (l/pi/).‘S. = . M e{pp\ . M'» = 8 . 

[*372*19] O.Mep^.Moep,. {M^y = 8 . 

[(2)] 3.ilf=(l/p)/(l/p)/N (3) 

h . (1) . (3) . 3 h . Prop 

*376*161. h : « c .Fif cycl . € v. . 3 . i\r = O.Ip\‘N'’ [#376*1] 

*376*16. I- i/eeJ’JI/cyclsubm .iVev, .peNCind — t‘0 . 3 .(l/p)«‘i\/'e(pi/)« 
Dem. 

h . *375*15*151 . 3 b : Hp . 3 . (l/p),‘J7=(l/pi;)/i^*’ . 

[*375*1] 3 . {IjpVN e {pp\ : 3 h . Prop 

*376*2. V iKc FM cycl .p.,ve NC ind — 1‘0 . 3 . (^/p), = (/*/!)« | (l/v)* 

Dem. 

V . *375*1 . 3 b Hp . 3 ; {(/t/1). | (l/p).} 8. = . 

(aT) .T e p.fr\p^.RasT<^ .SmiT* i.OV . Prop 
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«376'21. I- : « e FM cycl subm . g ! (/i/p)« « (/>/<r), . D . /*/i> = pjir 
Bern. 

h . *3751 . D h : Hp . P (/t/p)* Q . P {pi o')* Q-3- 

{'^8,T).Se^L,r^v,.Tep*r^a,.P = 8'^ = To.Q = 8'’ = T- (1) 
h . (1) . *374-2 . *37516 . D h : Hp (1) . D . (gP. 8,T).8ep.*nv*. 

T e p^f* <7*. P = 8'^ = T‘‘ .Q = 8* = T'' . 8 — R'' . Re (jio)* a {vo)* . 
[*301-504] 3 . (gP, 8,T).8ep,*r\v*. 

T e p* r\ <7* . R e (jio)^ n (p<r)« . P = S'* = P** = P*" . Q = 8" = T" = P" . 
[*372-28] 3 . (gP, S, P) . <S e /*. a p« . 

P € A tr« . P e a (pff), . P = 8>^ = T<‘ = R>" .T^R*. 
[*301-504] 3 . (gP) . P e {/m7), a (j»p). .R>'<‘ = R^ (2) 

1- . *372 2 . (2) .3b: Hp (1) . /i<r ^ pp . 3 . /mt = i/p (3) 

Similarly h : Hp(l) . pp^/a<r . 3 ./i<r= pp (4) 

h . (3) . (4) .31': Hp . 3 . po- = pp : 3 b . Prop 


*375-22. b : * € FM cycl subm . p ^ p . 3 . D‘{pjp)* = ( W*)^‘(jijv)*‘I* 
Dem. 


b. *375-1. 3 
b :. Hp . 3 : P 6 \)*{p,jv)* 
[*372-16.*21-2] 
[*374-21] 

[*372-27] 

[Hp] 

[*375-1-11] 


= . (gS, P) . Pep. A p, . P = P** . S= P' . 

= .(gP).P€P..P = P»‘. 

= . (gS, P) . Sep. . S' = /. . P(1F,)* P. P = P" . 

= . (gS, P) . S e p. . S' = /. . ( ir.)» P** . P = P** . 
= . (gS) . Sep. . S' = /. . S'*( 1*'.)*P . 

= .{(p/p).‘/.)(»F.)*P:.3b.Prop 


*375 221. b : * e FM cycl subm . p ^ p . 3 . (I‘(p/p). = ( W*)^‘{vjp>)*‘I* 

1^*376-22 ^.*375-13j 


*375-23. b : AC e FM cycl subm .p, p e NC ind .~(p = p = 0).3.gl (p/p). 
[*376-14-141] 

*375 24. b : AC e FM cycl subm . (p/p), = {p/o)* . 3 . p/p «* p/a [*37 5'21‘23] 

?rhe cases when we do not have p, p, p, o-eNC ind — 1‘0 require separate 
treatment in obtaining *375-24, but they offer no difiSculty. 
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^76'25. h : /c e FM cycl subm . p Prin o- . p,lv — pjv . D . (/*/»»)« = 

Dem. 

h . «303’39 . *302'35 . D h : Hp . D . (gr) mp — pr.v — ar (1) 

h . *37219 . D h : Hp . = pr . y = ffT . Te/*. n v, r** . «S= r- . P = T" . D . 

Pep«nff..P = Po.S = P' (2) 
I- . (1) . (2) . *375-1 . D h : Hp . D . {pjv), Q. {pla\ (3) 

l-.*37515.D 

h : Hp (1 ) . p — pr .V — ar . P 6 p,f\ <T^. R = P<‘ . S= F' . T=(1/t)«'P . D . 

Tep,nv,.R = Ti^.S=T'' (4) 
h . (1) . (4) . *375-1 . D h : Hp . D . (p/a\ G ip/i>% (5) 

h . (3) . (5) . D h . Prop 

*375-26. h : AT 6 FM cycl subm . ~ = t» = 0) . ~ (f = »> = 0) . pjv = ^jri . D . 

(pIv\ = i^lv% 

Dem. 

h. *303-39. *302-34. D 

I- ; Hp . /t, y, f, 7/ € NO ind . D . (gp, a) . (p, cr) Prm {p, y) . (p, o-) Prm (f, tj) . 
[*375-25.*303-2l 1] D . (gp. a ) . (p/<t). = (piv ). . (p/o-), = . 

[*13-171] :).{plv\ = (pla% (1) 

h. *375-1. *303-11-14-182.3 

h : Hp . ~ (p, y, j?) e NC ind . 3 . (/i/y), = A . (p/<r), = A (2) 

h .(l).(2).3h.Prop 

*376-27. h :. AT e FM cycl subm .~(/i = y = 0).~(f = »; = 0).3: 

pjv = ^lr,. = . (pIv). = (^/v). [*375-24-26] 

*376-3. !■ : AC e FM cycl subm . p., y, p, <r « NC ind — 1‘0 . 3 . 

(pIp)k I (p/o-)« G 

Dem. 

h . *375-1 . 3 I- : Hp . P (p/y). Q . Q (p/cr), P . 3 . 

(g-S.P).P6p,Ay«.P = P«‘.Q = /S'.P€p.ft<7..Q=ro.P = r' (1) 
I- . *375-141-15 . 3 

h : Hp . (S 6 p« A y« . P = (S'* . Q = S" . Pe p, A 0-* . Q = y** . P = P' . 3 . 

(gJlf) . M = (l/p)/P . P = if"" . Q = itf--* = P" . P = P' . ilf € (pp)« . 


[*372-28] 3 . (gif ) . if € (pp). . P = if P = if P = P' (2) 

I- . (2) . *3751 .31-: Hp (2) . pp ^ y<r . 3 . P (pp/ycr), P (3) 

1-.(1).(3). 3 h : Hp(l) . pp ^ y<r . 3 . P(pp/y<T), P (4) 

Similarly h : Hp (1) . y<T ^ pp . 3 . P (pp/ya), P *(5) 

I- . (4) . (5) . 3 h . Prop 
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*376*31. FM oyc\ subm . /a, v, p*(r e NC ind- : fi'^v .v . p:D . 

{fiplva\ = (p.lv% 1 (p/a% 

Dem, 

If P (plpIv(t)k Ry we have 

(giUf ) . M € (plp)k ^ {vo‘)k • P • R = 

The result follows by putting Q == 

Without the hypothesis /a ^ i/ . v . <r ^ p, we have 
(jiplvcr)^*R = (plv)/(pla)/R, . 
if R is sufficiently small to ensure {Ijva^^R €(vp)^, i,e. if 

(a/p)/I^(W^)^R, 

i.e. it R€(1 \pI<t\, 

*376*32. I- : tee FMcyd subm . p^jv ^’spja- <,r l/l • Re k\j Cnv^V . 3 . 

M^VR] I {(p/trVR} = {(pIv +, p/fr),c^R} 

The proof follows immediately from the definitions. 

The same result follows, without the hypothesis /a/i; +ap/<r 1/1 pro- 
vided R is sufficiently small to ensure 

(l/i;<r)*^i2 € (pp + pa % , 

i.e. R € d^ip/v +9 pI<t)k, 
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